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GENERAL INFORMATION

1.1. Introduction. The abjective of this manual is
to provide techniques and procedures to aid you
in hecoming a professional pilot. To accomplish
this goal, you must attain the highest degree of
proficiency possible. This requires initiative, good
judgment, trained reflexes, and skillful flying,
which come only as a result of study, practice,
and determination. The information you learn here
wili form the foundation for your military aviation
career. Good study habits are essential. Every detail
is important if you expect {0 be a safe, professional
pilot. Some important information from other
directives is included in this manual, but in no
way is this information to be cansidered all
inelusive. The majority of the skills and technigques
you develop in pilot traiming will come from your
assigned instructor, from other instructgrs you fly
with, and through vour experiences. As you gain
experience and confidence &s a pilot, vou will also
be developing your ability to use sound judgment.
This manual and other directives are vital to flying
aoperations. However, because of the many
different situations you will encounter as a pilot,
these directives can only provide a basis for good
judgment. They do not replage it. The T-37 flight
manual contains detailed instructions for inspec-
tions, checks, and procedures. Additionally, the
T-37 flight manual provides valuable hackground
information necessary to understand the aircraft
systems and why procedures and checks have been
established. This manual and the T-37 flight
manual complement each other,

1.2. Briefings:

w1.2.i. Preflight Briefing. Missions throughout the
Air Force are preceded by 2 preflight bricfing. Your
instructor, a designated supervisor, or the aircraft
commander will place special atlention on crew
ceordination concepts and transfer of aircraft
conirol during emergency situatiens. Briefing
guides located in AETCI 11-201 list specific items
te review in a preflight briefing.

1.2.2. Postflight Debriefing. After cach flight, vowr
instructor will review the mission. This review
should clear up mistakes you may have made, but
ask questions if vou failed to grasp all the steps
in any of the maneuvers. Becoming an Air Force
pilot demands that you nnderstand each lésson
fulty. Be sure you understand your mistakes and
how to cormrect thems. The time to ask questions
is mnmediately after the flight, when your problems
are still {resh in your mind.

1.3. Visual Inspection:

1.3.1. The preflight check staris before you reach
the aircraft. Survey the taxi routes for any
obstructions such as repair work on or near the
ramp, stray equipment, or personnel who might
be harmed by jet blast. A complete visual
inspection of the aircralt is a very important part
of each mission. Use particular care while checking
the canopy jertison and ejection systems. All safery
pins should be well seated.

1.3.2. The flight crew checklist is an abbreviated
version of the flight manual a pilot uses to ensure
procedures are followed. Refer directly to the
checklist, and ensure all items are completed. You
are not required to refer to the cheeklist to complete
cach individual tem. For example, complete a few
iterns and thea refer to the checkiist to ensure all
items are properly completed. (Exceprion: It is not
necessary 1o refer 1o the checklist during critical
phases of flight.) Good checkiist discipline is an
integral part of military flying.

1.3.3. AFTO Form 781, AFORMS Aircrew;
Mission Flight Data Docement, is the official log
of aircraft operation, servicing, and maintenance.
The importance of checking this form can not be
overemphasized. Report discrepancies, such as
improper status or faillure to sign off the preflight,
to the line chief. Do not accept the aircrafi until
you are satisfied it is flyable. Definitions of the
status symbols are inside the cover of the AFTO
Form 781.

1.3.4, When checking oxygen quantity, ensure you
have enough to complete your mission (380 pounds
per square inch (psi} minimum for local sorties).
The T-37 flight manual and flight crew checklist
contain an oxygen duration chart to aid your
decision. If you have any doubt about the axygen
quantity, have the oxygen system refilled pnior to
flight. Also, compare your actual oxygen with the
AFTO Form 781. If you suspect a leak, check with
maintenance persennel prior to flight.

[.3.5. Carefully check for fluid jeaks in the wheel
well, speed brake, and engine bay areas. These leaks
are usually apparent from fluid along fainng doors,
seams, and line couplings.. Check the airlock
fasteners closely. Note whether airtock fasteners
are flush, check the alignment of their slots, and
tap the access plate with your hand to detect
looseness, Check the general condition of trim tabs,
hinges, and control sarfaces. Binding of the
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controls and cracked hinges on control suriaces
are reasons for rejecting the aircraft. Do not
manhandle control surfaces. If you are not sure
about the condition, setting, or aperation of any
single item, check with your instructor or qualified
mainienance personnel. The pilot in command has
final authority to accept or decline an aircraft.

L3.6. Accomplish a postflight inspection of the
aircraft following each sortic. The purpase of this
mspection is to examine the general condition of
the aircraft, not to accomplish any specific
checklist. Look for any abnormalities requiring the
attention of maintenance personnel, such as
missing panels, damaged tires, or leaking fluids.

1.4, Position in the Aircraft:

1.4.1. Each time you fly, your seat position in the
aircraft should be the same. Ask your insttuctor
to heip you determine the correct position. 1f seat
adjustment 1s necessary during ground operation,
install the seat pin before moving the seat
edjustment lever. This will keep you from
inadvertently raising the handgrips. In flight, be
sure your feet are clear of the ¢jection handgrips
and the proper lever 1s moved. Do not install the
seat pins or attempt 1o hold the handgrips while
adjusting the seat during flight.

142 Adjust the rudder pedals fore and aft with
the rudder adjustment hand crank provided for
cach set of pedals. Adjust the rudder pedals to
a comfortable distance. With vour fect on the
pedals, you should have full travel of the rudder
and hrakes.

1.5. lnterior Check and Starting Procedures. On
all dual flights, use the challenge and response
system to check asterisked items in the checklist
(parachute lanyards, oxygen, etc.). The items in
your checklist are listed in an order that begins
from the left of the cockpit and maves 1o the right.
This system makes i1 easy to learn, and it reduces
the margin for error. As in the visuzal inspection,
consider each item as important as the next, If
an item is overlooked, certain systems may become
inoperative or damaged; therefore, reference the
checklist ta ensure all items are completed.

1.5.1, The importance of a thorongh and proper
oxygen svstem check cannot be overemphasized.
A compiete and unhurried check of this system
is as important as any of your preparatory or in-
flight procedures.

1.5.2. During engine start, while closely monitor-
ing the engine’s revolutions per minute (rpm) and
exhaust gas temperatare (EGT), cccasionally
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plance at the crew chief. He or she may give the
first indication of anything unusual in your start.
The canopy is normally fully open during engine
start. When conditions diciate that the camopy
should be closed during eagine start, ensure it is
felly closed and locked. Stow loase articles in the
cockpit before starting an engine or opening the
canopy with an engine running. Do nat hand
objects over the cockpit side unless the ¢ngine on
that side is shut down and has stopped rotating.
While taxiing, the canopy will be full up or down
and locked. However, you may raise or lower il
while taxiing.

1.6. Insttument Cockpit Check. Before flying,
make sure each {light insirument and navigation
aid (NAVAID) is working properly because you
will need them to safely fly the aircrafl in
instrument conditions. In addition, AFM 351-37
requires a check of the equipment before flight.
Checking the following items on your checklist will
satisfy all requirernents:

1.6.1. Navigation Publications. Ensure all publi-
cations required for your depariure to destinalion
and alternate are current.

1.6.2. Pitot Heat. Check for proper operation,
including the heating of the stall warning
iransducer vane.

1.6.3. Clock, The clock should be running and the
correct time set.

1.6.4. Vertical Velocity Indicator {VVI). The
pownter should be at zero.

1.6.5. Attitude Indicators. These should be erect
with the bank poinier aligned with the zero bank
index. No warning flags should be visible. Set the
miniature aircraft on the horizon with the pitch
trim knob.

1.6.6. Magnetic Compass. Check the accuracy of
heading information.

1.6.7. Heading Indicators. Check the accuracy of
heading information. Look for correct mavement
in turns.

1.6.8. Airspeed Indicators, Check the pointers and
ratating airspeed scale for proper indications.

1.6.9. Altimeters. Set the current altimeter setting.
The maximum error of each altimeter at a known
elevation poiat is 75 feet. The 10,000, 1,000, and
100 coumer-drum pointers should indicate the
appropriate elevation,

1.6.10. Very High Frequency Ommidirectional
Range (VOR) Check. Tune and identify the station
{all off flags should be out of sight), If you have
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areliable signal, perform the self test or the ground
check. (If either check 1s out of himits, consider
the VOR unreliable.}

L6.10.1. VOR Seif-Test. Place 315% in the course
selector window, and piress the VOR/ILS tesi
button. The course deviation indicator (CDI) will
centef within £2°, the bearing pointer should
indicate 311%° with a TO indication, and the marker
beacon hight will illuminate, If the VOR seli-test
functions properly, a check of the VOR at the
designated ground checkpoint is optional. How-
cver, it is impartant to use all availabie information
when checking NAVAIDs, especialiy when
weather conditions are marginal,

1.6.10.2. VOR Ground Check. Tune and identify
the station. Ensure the bearing poiater points to
the station. The allowable error at the ground
checkpoint is +4°. Check that the CDI céntets
within +4° of the designated course. Rotate the
course sel knob, and check for proper CDI
displacement. Rotaie the course select knob, and
check that the TO/FROM indicator changes when
the selected course 15 approximately 9° to the
bezring pointer.

1.6.11. Distance Measuring Equipment (DME)
Check. Tune and identify the station. Perform the
self test.

1.6.11.1. AVQ-75 only. Turn and hold the DME
selectar to test. The DME should increase to and
stop at 196, and the range warning flag should
go out of view, Release the selector to the DME
position. The DME should return to the approx-
imate distance from the station.

*1.6.11.2. AN/ARN-154(V) only, The DME will
self 1est when power is applied or by momentarily
holding the selector tn test. The self test will
conclude wath a display of either SELF TEST
PASS or SELF TEST FAIL. The DME should
reurn to the approximate distance from the
station.

1.6.11.3. DME Ground Check. Check the DME
at the ground checkpoint (if available). The range
warning flag should be out of view, and the distance
inciicator should be within ¥ mile or 3 percent
of the distance to the facility, whichever is greater,

1.6.12. Instrument Landing System {ILS). If a
valid ILS frequency is received, the ILS self-test
may be used. With the localizer identified, check
for no OFF flags, absence of TO/FROM indi-
cation, and proper needle deflection in relation 1o
aircraft position. The radie magnetic indicator
(R M) bearing peinter should park at the &o'clock
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positien. Pressing the VOR/ILS test button will
illuminate the marker beacon light.

1.6.13. Tum-and-Slip Indicator, Check to ensure
¢ach needle indicates proper movement in a turm
and each ball is free 1o move in its glass tube.

1.7. Taxiing. The T-37 is equipped with nose wheel
steering to turn the aircraft while taxiing.

1.7.1. After the before-taxiing checks, visually
clear to the fromt and rear. Increase power as
necessary, depress the sieering button, and release
brakes. Pick up momentum atraight ahead,
simultancously apply rudder in the desired
direction of turn, and reduce power (normally to
dle). Avoid the tendency to neutralize the rudders
just as the aircraft starts turning. Thiy will merely
siraighten the nose wheel, necessitating the
application of rudder 10 put the aircraft back in
the turn. If you need a sharper tutrn than can be
made with the steering mechanism, release the
steering button and use the brakes to establish the
angle of turn desired. When you do this, keep the
mside whee! rolling. Any attempt to pivot the
aircraft on a locked inside wheel will damage the
wheel, tire, and strut. This is particularly dangerous
because the damage may not he apparent, but the
gear may be damaged enough to collapse under
the strain of landings. To make sure the inside
wheel rolls, release the izside brake interputtently.
Apply the brakes smoothly, evenly, and cautiously
at all times. When leaving a parking area, be
especially alert for aircraft taxiing past your
position. Also watch for personnel, ground
equipment, £tc.

1.7.2. When clear of the parking area, use power
as needed to keep the aircrafl rolling at a moderate
speed. Nose wheel steering will be more sensitive
as taxi speed is increased. Use the brakes as
sparingly as possible to prevent excessive weat and
overheating. Keep taxi time to a minirnim because
of the high rate of fuel cansumption. While taxiing,
do not perform checks until the aircraft is in an
unobstructed area, Do not concentrate all your
attention inside the cockpit.

1.7.3. Do not taxi aircraft with less than 10 feet
of clearance from an obstacle. Do not taxi without
a wing walker when an obstacle is between 10 and
25 fect from the aircraft. This requirement is waived
for locally based aircraft if established taxi lines
are marked and obstructions are either permanent
or other aircrafi parked on established parking
spots. Spacing between taxiing aircraft must be
a minimum of two ship lengths when staggered
in trail. If you must taxi directly behind an aircraft,
increase the spacing to a minimum of four ship
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lengths to avoid exhaust fumes and {oreign object
damage (FOD).

1.7.4. Exhaust gases contain harmful quantities of
carbon monoxide—an gdorless, but toxic, gas, Use
100 percent oxygen to prevent hreathing these
gases, When the aircraft ahead of you has cieared,
reset your oxygen to normal. Your oxygen supply
will be depleted prematurely if the regulator is left
on 100 percent for the entire flight.

*1.83. Radio Procedures. Under normal operations,
radio voice communications should be kept to a
minimum. A call to the tower for taxi instructions
serves as the radio check. Remember, when the
moike button is depressed, the entire channel is
blocked for other aircraft. Do not depress the mike
butten during another aircraft’s transmission. If
a transmission is being made by another aircraft,
anticipate an answer to the radio call and do not
break in. Make sure the radio is on and the proper
channel is selected. Do not use the tone button
tor thus purpose. A general format for professionat
radio communications is to broadcast who you
are talking to, who you are, where you are, and
what you want to do. It 15 imperative that your
message be both clear and concise. Organize your
thoughts, depress the mike bution, say what you
intend to say, and get off the air. Dio not transmit
when another aircratt 1s in a critical phase of flight
{such as in the {lare).

1.9. Clearing:

1.9.1. When clearing, ensure your intended flight
path is well clear of other aircraft. The type of
clearing will depend upon the maneuver, the
configuration of the aircraft, and other flight
planning factors. Be aware of the restrictions to
visibility created by your position in the cockpit,
the canopy bow, canopy rails, and the other pilot’s
seat. Focus your eyes on a distant point, and use
varipus search patterns (vertical, horizontal, ete.).
Visual search must become a definite pattern
instead of random looking. Constantly practice
your search technique.

1.9.2. Al aircrews operating In visual meteorolog-
ical conditions (VMC) must maintain a constant
vigilance for other aircraft. The use of radar
monitor or assigned areas does not relieve you of
the responsibility 10 clear. An instrument [light
rules (IFR) clzarance only separates you from other
knawn [FR traffic. Some maneuvers in the area
are good clearing maneuvers; others may reguire
a clearing wrno or “whifferdill” 1ype of maneuver
to adequately clear.
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1.9.3. You can help vourself remain clear of local
traffic by knowing areas of possible conflict. Be
aware of the location of the departure and recovery
routes, flying areas, and traffic patterns. Emphasize
clearing in these directions. Listen for radio
trapsmissions to help you track traffic in your
vicinity. The more vou know about your immediate
flying environment, the better you will be able to
detect and avoid other aircraft.

1.9.4. Areaprocedures and radio transmissions are
onty part of the overall effort to avoid other
aircraft. The most important ingredient is your
ability to visually detect each aireraft. Aircraft
unfamiliar with the training arcas and routing may
fly through your airspace, so be alert.

1,10, Wake Turbulence. All aircraft generate wake
turhnlenee, and the T-37 is very susceptible to wake
turbulence. When such turbulence is anticipated,
procesd with extreme caution. Do not depend
solely on a controller to advize you of the possibility
of encoeuntering wake rurbulence. Remember, the
controller may provide wake turbulence separa-
tion, which may not be adequate in all situations.
It i1s your responsibility in each case to ensure
proper separation on the approach. Be ¢spenally
aware of the possibility of wake turbulence during
takeoff, approach, and landing. When you
anticipate the possibility of wake turbulence,
remain upwind of the preceding aircraft’s flight-
path to keep vou clear of that arcraft’s wake
turbulence. Flying a nonprecision approach will
very likely place your aircraft in the area of wake
turbulence generated by an aircraft on a precision
glide path. If you are unablc to remain above the
aircraft’s flightpath, consider increasing your
spacing or going around. Use caution when going
around from below the preceding aircraft’s flight
path hecause yvou may ily through that aircralt’s
wake turbuience.

1.11. Takeoff and Landing Data (TQLD). On
every fiving mission, you will be taking TOLD
to the airecraft. Imitially, you will find the
information at the duty desk or in the flight room.
However, before solo you will be required to
compute this informatien and understand how to
apply the numbers. This information hecomes even
more imporiant when you are flying from
unfamiliar airfields because temperatures, pressure
altitudes, and runway conditions may be sigmif-
icantly different from your home field.

1.12. In-Flight Checks:

1.12.1. On dual sorues, use the challenge and
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response system to confirm accomplishment of all
astenieked checklist items.

1.312.2. An ops check should be accomplished
when passing 10,000 feet MSL, when reaching your
final cruise aititude, and approximately every 15
minutes thereafter. You may combine aps checks
if your final leve] off altitude is at or below 14,006
feet MSL. Additionally, il accomplishing multiple
VFR patterns or instrument approaches, period-
ieally aecomplish an ops check. (It is not necessary
to check your oxygen system during these ops
checks.)

1.13. Joker Fuel. Joker fuel is the prebriefed fucl
needed te terminate an event and proceed with
the remainder of the mission, An example is
terminating area work to accomplish a recovery
for multipie patterns.

1.14. Bingo Fuel. The aircraft commander will
brief a bingo fuel for every mission. This fuel allows
you 1o fly the planned recovery route and land

with an appropriate fuel reserve. Because bingo’

fuel allows only one pattern and landing, you must
initiate a recovery no later than bingo fuel.

1.18, Transfer of Aircraft Control:

1.15.1. During fiight it is important to know who
has control of the aircraft, When you are flying,
stay on the controls untl told otherwise. During
transfer of contral, the pilot relinquishing control
will say “Y ou have the aircraft.” The pilot assuming
control will say, “I have the aircraft,” and will shake
the stick noticeably, It is not important who speaks
first, but both pilots musi verbally acknowledge
the transfer. During coritical phases of flight,
relinquish the controls immediately oz your
instructor’s verbai command so you will not
abstruct any flight control or throttle movement.

1.15.2. Your instructor will brief you on your
responsibilities and how you will assist in unique
situations such as interphomne failure or aircraft
malfunction. Remember, if you are flying, stay on
the controls until you know your instructor bas
cortrol of the aircraft. 1f warranted and time and
conditions permit, your instructor may give you
verbal assistance.

1.16. Student Responsibilities:
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1.16.1. The undergraduaze pilot training (UFT)
program is designed to graduate professional
military pilots, Organizing and planning are major
keys to fulfilling this objective. Your part of this
process is to ensure you are propetly prepared for
the flight line, are well nourished, and have received
adequate rest.

1.16.2, Each day when vou report to the flight
line, be prepared for any type of mission. This
means more than simply reading about the
maneuvers in this manual. You should know all
the procedures for a given maneuver and be able
to state the sequence of actions. Many students
find that chair flying is a helpful techmque in
preparing for a mission. Basically, this means you
organize 3 mission profile and then sitmulate the
flight mentally, reviewing each item you must do.
Remember, your time in the aireraft is limited.
If you prepare properly on the ground, you will
be able to spend your airborne time muore
profitably.

1.17. Flying Safety. Flying safety is more than
merely a set of practices or a particular safety
record; it is an attitude. You should continually
evaluate your performance by asking, “Did I
perform that activity in a professional, disciplined,
safe manner?™ Do this from the time you start
planning a flight until you finish dehriefing. One
of the greatest hazards in tuday's flyiag is the
potential for a midair ¢collision. Your best defense
is to see the other aircraft first. Aggressively clear
the airspace around you, using the technigues your
instructor will show you

1.18. Ground Safety. The flight line is a hub of
activity. Consequently, this calls for extra attention
on the part of everyone who is required to be there.
‘When you are on the flight line, you must wear
approved devices to protect your hearing against
the harmful noise of the T-37 engines. Because
this protestion will block out seme of the other
spunds that might warn you of danger, you must
constantly be alert for hazardous situations. Stay
clear of aircraft jet hlast. Also use caution when
walking in front of jet engines because loase objects
may be drawn into the intakes.
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BASIC PRINCIPLES OF FLIGHT

2.1. Effects of the Controls. Each flight control
has its effect on the attitude of the aircraft and
controls the movement about one of its three axes
(figure 2.1). You should learn these effects in order
to control the aircraft and obtain the desired
responses. Your instructor will demonstrate the use
and effects of the controls, first in straight-and-
level flight at cruising airspeed and then in other
flight attitudes, The same predictable responses to
control movements will result regardless of the
attitude of the aircraft. Think of yourself as the
pivot point about which all changes of attitude
OQCCUT,

2.1.1. Pitch. Moving the stick forward and aft
(fore/ aft) controls the aircraft’s pitch (movement
about the lateral axis). To achieve level, climbing,
or descending flight, hold the nose of the aircraft
in a fixed position relative to the horizon. You
can use many other outside references to determine
pitch attitudes, such as the position of the wingtips
or the glare shield in relation to the horizon. You
can also check the desired pitch attitude by
reference to the flight instruments. Your instructor
will show you the outside and instrument references

for climbing and descending flight. Continuous
cross-check of all pitch references will result in
better control of the pitch attitude of the aircraft.

2.1.2. Yaw. Yaw is movement about the vertical
axis, When yaw exists, the ball in the turn-and-
slip indicator is displaced from center. Also, yaw
causes your body to lean toward one side of the
cockpit like when vou round a corner in a car.
Coordinated flight should be free of vaw even in
a steep bank. When the aircraft is coordinated,
your body retains a comfortable, upright position.
The proper use of rudder is essential for coordi-
nated flight.

2.1.3. Roll. Rotation about the longitudinal axis
is caused by the lift differential created as aileron
surfaces are moved out of the streamlined position
of the wing. The wing with the raised aileron goes
down because of decreased lift, and the wing with
the lowered aileron goes up because of increased
lift. The effect of either aileron is augmented by
the simultaneous and opposite movement of the
aileron on the other wing. In level flight, moving
the control stick toward a wing raises that wing’s

AXIS OF ROLL

(LONGITUDINAL) C

AXIS OF YAW

(VERTICAL)

~ 2

AXIS OF PITCH
(LATERAL)

Figure 2.1. Axes of the Aircraft.
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aileron surface, causing the wing 1o go down and
the aircraft to roll in that direction. Simultane-
ously, the other wings aileron goes down, causing
the wing to go up.

2.2, Adverse Yaw;

2.2.]. The movement of the aileron surfaces out
of the streamlined position creates drag. This drag
is not distributed equally on each aileron; the down
aileron (on the up wing) produces the greater drag,
When this condition exists, the aireralt dees not
turn immediately in the direction of aileron
movement but 1ends to turn the opposite way.
There is & difference in the eurvature of the upper
and lower surfaces. The bottom is fairly straight,
but the top is distinetly curved, Bernoulli’s theorem
states that the difference in airflow speed over the
surfaces must result in 2 difference in pressures
and the higher static pressure area will be along
the bottom surface.

222 When you use ailerons to bank an aircraft,
the aileron thet goes down extends into the area
of greater static pressure, increasing drag. Due to
the shape of the wing, the aileron that goes down
also increases the positive camber of that wing,
increasing both Lift and induced drag. At the same
time, the aileron that goes up on the opposite wing
decreases the positive camber of that wing,
reducing lift and induced drag, This combination
of factors causes the aircraft 10 tend to yaw in
the opposite direction while the banking action
is taking place. This adverse yaw tendency
continues until the ailerons are neutralized.

2.2.3. Adverse vaw 15 most appargnt at low
alrspeeds and extreme conirolsurface deflections.
At low or near-stalling speeds, adverse yaw is very
noticeable; at high speeds, it may not be noticeable
at all. This is truc because the movement required
of the aileron surfaces is greater at lower speeds.
The ailerons must be moved farther from the
streamlined position to cause an appreciable
alteration of lift in the slower slip stream. The
higher the angle of attack {(AOA), the greater the
pressutre on the bottom side of the wing (until the
stalling speed is reached and the airflow disrupted).
At high speeds a small airstream alteration
generates more lift than in a slower airstream;
therefore, less aileron is needed to lift the wing,

2.2.4, Adverse yaw can be overcome by using the
rudder. As you apply right or left aileron pressure,
simultaneously apply ruddsr pressure on the same
side. Use rudder pressure as long as the bank is
changing, The correct amount of rudder pressure
depends on the aircraft speed and the amount of
aileron used. Keeping the ball centered in the turn-
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L]
and-slip indicator is a guide to using the correct

_amount of rudder. Remember to use rudder and

aileron pressure simultaneously, although the
required amount of pressure wili differ depending
on the amount of aileron used, the airspeed, the
effect of drag, and the design of the particular
aireraft you are flying. Also remember, the aileron
drag effect is present during recovery from a turn
as well as during the entry, The rudder must again
be used in the same direction as aileron stick
pressure to counteract adverse yaw.

2.3. Use of Controls. When a control surface is
moved out of its streamlined position, the air
flowing past it will exert pressure against the
contrgl surface and try 10 return it 10 the
sireamlined position. It is this pressure you fesl
on the stick and rudders. The amount of pressure
you feel is determined by the airspeed and the
degree the control surface 1s deflected. The higher
the airspeed the greater the pressure,

2.3.1. How To Use the Rudder, Position your feet
comfortably with all the weight on your heels. Let
your heels rest on the cockpit floor with the balls
of your feet on the rudder pedais. When vou use
the rudder, apply pressure smoothly and evenly
by pressing with your foot just as il vou were using
the brakes of an automobile, Don't let your legs
and feet become tense, but stay relaxed so you
can feel rudder pressure.

2.3.2. How To Use the Stick. Generally you should
hold the siick lightly, the same way vou would
hold the steering wheel of an automobile—relaxed
and comfortable. Some maneuvers, such as
aerobatics, require mote positive pressures. Let
your arm and hands rzlax so you can feel the
counterpressure from the stick, but always control
the aircraft. Never let [t control vou,

2.3.3. How To Use the Throttles, Normal throttle
movement should be slow at low rpm with the
rate of movement inecreased as the engine winds
up. You can advance the throttles more rapidly
at higher rpm. As a guide, move the throttles at
arate slightly faster than engine acceleration. When
tuime is critical (low aititude, thrust deficient
situations), rapid throttie movement is the most
effective procedure to achieve maximum engine
acceleration. Acceleration time is approximately
40 pereent less when accelerating from 50 percent
rpm to military power versus idie to mulitary power.

2.3.4. Coordination. The effect of each control has
been discussed individually, but you should realize
that no single control movement provides all the
contro] for a maneuver. To fiy your aircraft
efficiently, vou must use the contrals tagether. This
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is known as coordination of controls and is vital
to smooth flving. After vou know how the awrcraft
will react when the controls are used, you muslt
learn how to use them properly. Rough, erratic
use of any of the controls will cause the aircraft
to react accordingly, se it is important that you
apply the pressures smoothly and evenly.

2.4. Composite Flight. Composite flight requires
the use of outside references supported by flight
instruments to establish and maintain desired flight
attitudes, You will use composite flight throughout
vour flight training.

24.1. All mancuvers are accomplished by estab-
lishing attitudes and progressively changing these
attitudes throughout vanous stages of the
maneuvers. Establish and maintain an attitude by
positioning the nose and wings of the aircraft in
relation to the horizen. Very small changas in
attitude may not be readily noticed by outside
reference 1o the Earths horizoa, but will be
indicated by the flight instruments. Be careful.
Depending solely on your instruments has several
disadvantages. The most serious is the inability
to observe awcraft and other harards to flight.

2.4.2, A good composite cross-check is necessary
1o ensure precise flying. Let the conditions dictate
where you direct your attention. As the visibility
deteriorates, increase the use of flight instruments.
Develop vyour cross-check so all necessary
Informaion is cblained at a glance, Always
maintain vigilance to avoid midair collision and
to remain oriented. Do not conééntrate on any
one rteference. You must maintain a constant
vigilance for other awrcraft. Check your reference,
make a correction, look around, cross-check other
references, and then rewurn tp the original
reference, using all of the references to confirm
the aceuracy of your control pressures or the need
for a funther correction. This process is continually
repeated in composite flving.

2.5, Trim. When you consider all the factors that
affect the aireraft in various conditions of flight,
the need for trimming becomes apparent. Consid-
erable force is required to hold the correct elevator
control pressure for level flight with high airspeed.
Flying would be very tring if some means were
not available to relieve these pressures.

2.5.1. The trim rabs act as levers and equalize the
pressures exerted on cither side of the parent
conurel surface. To eqgualize pressurss, the tabs are
moved in an opposite direction from the parent
control {figure 2.2). If the rudder is not trimmed
properly, the aircraft will fly in a skid as indicated

;ee;&_

Figure 2.2, Trim Tabs—Aids to Smooth Flying,

by the turn-and-slip indicater. The ball will be
deflected while the needle is centered. To correct
this condition, apply rudder 1o center the ball
{while holding the turn needle centered) and relieve
the pressure with rudder trim. To correct wing
heaviness or rolling tendencies, adjust the aileron
trim. When the pressures on the controls have becn
relieved, the aircraft is correctly trimmed.

2.5.2. Since the trim tabs on the T-37 are all
electrically opcrated, it is possible for any one of
them to run away in flight beeause of inadvertent
actuation, a stuck button, or a short in the system.
Always trim in short clicks and avoid inadvertent
rim actuation,

2.5.3. Inthe T-37, power changes normally do not
require large, immediate changes in control
pressures. The need for trim, therefore, is evident
only praduvally as the airspeed changes. Always
think of trimming as a recurring process.

2.5.4, There are other devices controlled by the
pilot that also affect the aircrafi, These are the
flaps, landing gear, speed brake, and thrust
attenuators. However, these all have other primary
purposes and their effect on aircraft control is
incidental. Trim will compensate for these minor
effects.
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1.6. Straight-and-Level Flight. Your objectives in
this training exercise are to learn the use of the
controls, to combine the use of outside and
instrumment references for maintaining aircraft
attitude, and (o learn 1o divide vour attention by
constantly checking all availabie references without
concentrating on any one,

2.6.1. Flight Instrumenis. Before practicing
straight-and-level flight, you must be familiar with

the flight instruments. You must understand the .

effect and use of the controls, and you must be
relaxed and properly seated in the aircraft,

2.6.1.1. Theapproximate power setting for normal
cruise straighi-and-level flight is 90 percent.
Autaining level flight is a matter of cansciously
fixing reference points on the aircraft in relation
to the Earth’s horizon and compariag or cross-
checking this relationship with the flight instru-
ments. The instruments you refer 10 for control
of piich attitude are the attitude indicator,
altimeter, VV1, and airspeed indicator.

2.6.1.2. Your instructor will show you each
instrument’s indication in conjunction with outside
references. Do not concentrate too much on one
reference or stare at a particular reference. This
will not only hinder your progress, but will create
a dangerous situalion begcause you will not be
clearing {or other aircraft. Check each outside and
inside reference in turn. and use each for minor
control adjustments. You must have a thorough
knawledge of the design, location, and information
presented by all instruments. Familiarity with these
instruments and owtside references enables you to
determine the control pressures necessary to
control the attitude and the direction of the aircraft.
Cantrol pressures should be smooth and applied
with confidence, The beginning student ofien over
conirols from iack of experience, but this tendency
can be minimized through practice of smooth
application. Gooad control is a continuous
suceession of minor, almost imperceptible correc-
tions 1o keep the aircraft in the desired flightpath.

2.6.2. General. After you have had a little practice
in straight-and-level flight and have learned to
check all your references properly, vou czo
establish the correct level {lipht attitude in a few
seconds. You will learn 1o look around quickly
and establish pitch, bank, and direction simuitane-
cusly. Power changes and trim technique will
become secand nature. A trim change is necessary
when you are having to hold continuous stick or
rudder pressure to maintain the desired flightpath.

2.6.2.1. The weight of vour tight arm on the stick
may cause the ailerons to be slightly displaced,
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which will result in flying with the right wing low.
In most cases, this will cause a very slight turn
to the right, To keep the aireraft from turning,
you would have touse a steady left-rudder pressure,
but this would set up an undesirable cross-
controlled condition. The solution is to place the
weight of your right arm on your thigh, which
will reduce any tendency to be heavy handed.
Remember to check your references frequentiy to
determine any tendency toward heavy-handedness.

2.6.2.2. A common student error s the tendency
to stare at the nose of the aircraft and attempt
to hold the wings level just by observing the
windscreen in relation to the horizon. This will
not work, particularly in the T-37 which has a
rounded giare shield. It may result in flying with
one wing low. This wing-low attitude requires the
use of additional rudder to maintain straight flight
and gives a false conception of neutral comtrol
pressures as well as an uncomfortable seat position.
This is another case of what can happen if you
do not continuously ¢ross-check all references,

2.6.2.3, Let your eyes sweep along the horizon,
picking up the wingtips, and make a mental note
of required corrections. At the same time, look
for other aircraft that might be fiying in your area.
Make your corrections, and return to inside
references to confirm them. Then look outside
again in a continuous process. Soon it will become
second nature and effortless,

2.6.2.4, Straight-and-level flight requires almost
no pressure on the controls if the aircraft is properly
trimmed and the air is smooth. When vou are flying
through turbulence, the flight attitude may change
abruptly. Do not fight the controls 1o stop these
changes, Ride them out like 2 boat on a rough
sea, and make smooth dut firm adjustments as
needed. :

2.7. Turns, Use a turn to change the direction of
the aircraft. It involves the close coordination of
all three controls; ailerons, rudder, and elevator.
Since turns are incorporated in almost all aircraft
maneuvers, it i important that you learn to
perform them well. The shallow turn is a turn of
approximately 30° of bank or less. The steep turn
is a turn of approximately 45° 10 60° of bank.

2.7.1, Before beginning any turn, look in the
direction of the turn to clear above, below, and
at your flight level. You da this ta make sure the
area is tlear of other aircraft. Onece you have cleared
the area, sitnultancously apply pressure to both
ailérons and rudder in the direction of the turn.
This pressure will move the control surfaces out
of their streamlined position and cause the aireraft
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to bank and wurn. The rate at which the aircraft
rolls is governed by the amount of pressure applied.
Hold the pressures constant until you obtain the
desired angle of bank. In establishing this bank
attitude, use both outside and instrument refer-
gzces.

272, As bank is introduced, a point on the
windscreen directly in front of you will appear to
pivot on the horizon. This imaginary fevel flight
reference point should remain on oOr near the
horizon throughout the turn to maintain level flight
(figure 2.3). As the bank incrcases, the pitch
attitude will have to increase to compensate for
the loss of vertical lift, In shallow turns, the increase
in pitch attitude is relatively slight. As bank
increases, the required inerease in pitch attitude
is more pronounced. Also, in steep turns increased
power is required to maintain airspeed,

2,7.3. Just as in straight-and-level flight, outside
references can be found in any direction. The best
outside reference for the degree of bank is the angle
of the Earth’s honzon across the windscreen. As
vou approach the desired angle of bank, returmn
the alierons and rudder 10 neutral. This stops the
bank from increasing. The elevator pressure is not
refeased, but is held constant to maintain a constant
pitch attitude, Througlwout the turn, the angle of
bank should be held constant with adjusuments
of the ailerons, just as the wings are kept level
in straight-and-level flight.

2.74. To correct a nose-low attitude 1n 3 stesp
turn, reduce the angle of bank with coordinated
alleron and rudder pressure. Simulranzously use
back pressure to raise the nose to the desired pitch
attitude. After doing this, reestablish the desired
angle of bank. Do not try 10 make corrections
with any one of the three controls; use them
together.

2.7.5. The rollout from a turn is much the same
as the entry except contral pressutres arc used in
the opposiie direction. Apply alleron and rudder
pressure in the direction of the rollout {toward
the high wing)., As the angle of bank decreases.
release the elevator pressure smoothly to maintain
altinde, With decreasing angle of bank, the effects
of centrifugal force and the loss of vertical lift are
reduced.

2.7.6. Since the aircraft normally will turn as long
as there is any bank, start the rollout before
reaching your desired heading. The aircraft will
turn some duning the time 1t takes to level the
wings, The steeper the bank, the more lead required
to roll out on a desired heading. Release the
pressures smoothly until the controls are neutral-
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ized as the wings become level. Your posture in
the aircraft is very important to all mansuvers,
Do not lean forward, backward, or side to side.
Insiead, sit erect and move vour head around freely
{figure 2.4). During turns, maintain this position.
)¢ not lean away from the turn or attempt to
keep your body vertical with the horizon. Relax
and ride with the turn. If you do not maintain
a constant position in the cockpit, your outside
references will continually change. Relaxed pilots
are usually good pilots because they arc free to
think and can feel the pressures on the coatrols.

2.7.7, Plan all of vour turn cxercises so0 you make
precise turns; that is, with a constant angle of bank
and a definite amount of turn. To make a precision
90° wurn, align the aircraft with a road or section
line on the ground and twurn perpendicular to it
In the absence of any ground reference, pick a
point on the horizon that is directly off & wingtip;
then turn to that point. Clear the area as you do
this,

2.7.8. A common misconception among students
s that a steep turn is entirely difierent from a
shallow turn, This mistaken idea probably comes
from the fact that all of the aerodynamics of a
lurn are more prominenl in a steep turn, Basically,
the difference between stegp turns and other wirns
is the amount of back-stick pressure and power
needed to maintain leve! fligh:, A common error
is the misuse of controls when entering a sieep
tarn. Some students apply centrol prassures very
rapidly and abruptly, using strong back pressure
prematurely. This is sometimes caused by the
natural tendency of the arm to move backwards
as it maves to the side. Steep turns are easy (o
perform if yau roll inte them like you rell into
shallow turns, but you should anticipate the need
for additional back pressure and power asthe angle
of bank increases.

2.8. Area Orientation. You are required to carry
a copy af your local in-flight guide and a map
of the local flying arca on all flights. Use your
map and landmarks as primary references for
departure, recovery, and area orientation. Addi-
tionally, use the aircraft’s navigation equipment
as a backup in case of restricted visihility or
unfamiliar area assignment.

2.9. Uncoordinated Flight. In a coordinated level
wrn with constant bank and airspeed, the flight
path of the aircraft is a true circle if the wind is
calm, Otherwise, the flight path is not necessarily
a true circle over the ground because of drift,
Variation in the circular flight path 15 alse caused
by unceoerdinated cantrol, erratic bank, or changes
in airspeed.
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LEVEL-FLIGHT REFERENCE POINT

7388 N
L (]

STRAIGHT-AND-LEVEL FLIGHT

LEVEL-FLIGHT REFERENCE POINT
LEVEL-FLIGHT REFERENCE POINT

RIGHT TURN

Figure 2.3. Cockpit View of Level-Flight Reference Point.

2.9.1. Skid. A skid is caused by insufficient bank
angle in relation to the turn rate of the aircraft
{figure 2.5). This will occur if vou use too much
bottom rudder pressure in relation to the alleron
pressure or if any bottom rudder is held after a
turn is established. A skid will also occur in level
flight if the nose of the aircraft rotates sideways
about the vertical axis when the wings are held
level, resulting in a slow turn. This occurs when
rudder pressure is inadvertently held or the aircraft
is improperly trimmed.

Sit erect at all times.
2.9.2. Slip. A slip is caused by too much bank Do not lean away from the turn.
angle in relation to the turn rate of the aircraft

- (figure 2.5). When establishing a turn, if you use
insufficient bottom rudder pressure in relation to Figure 2.4. Posture in a Turn.
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COORDINATED

Figure 1.5, Direction of Force on 2 Body in Coordinated and Uncoordinated Turns.

the aileron pressure, a slip will result. You can
alsa slip the aircraft by holding opposite rudder
In & turn.

2,10, Basic Instrument Flight. Instrument {lving
is controlling the aircraft by reference 1o the flight
instruments only. Use the same control techniques
vou use in contact flying. Instrument flying is
similar to contact flving in that reference ponts
are used w1 both to deternune the attitude of the
aircraflt, However, in instrument flight, aircraft
instruments. instead of outside references, will
show you the attitude of your atreraft in relation
ta the horizan.

2.10.1. Instrument fiving 15 a senes of baswc
maneuvers. The particular situation detlermines the
sequence in which these maneuvers are performed.
For example, both a radar approach and low-
altitude approach contain many of the same
maneuvers, bot the sequence for making the turns,
descents, level offs, ete,, is not the same. 1115 easy
1o understand instrument fving if you consider
it a2 series of basic instrumeni maneuvers.
Confidence and the vertical-§ maneuvers are
practiced to improve your abiiity to interpret the
instrument and increase your proficiency in
instrument flving.

2.10.2. You must use all of the fight instroments
10 precisely determine aircraft attitude, Correct
interpretation of their indications and good piich,
bank, and power control are the basic elements
of attitude instrument flying. Flight instruments
are divided into three main groups according to
their functions. This grouping presents the
information for the best possible coverage. The
three groups are control instruments {atitude
indicators and power instruments), performance
instruments {altimeter, YVI, airspeed indicator,

turn-and-slip indicator, and heading indicator).
and navigational instruments (VOR, DME, and
ILS equipment}. Dring the early phasc of
wstrument trainung, the navigation instruments are
not used. They are used Jater to determine aircraft
location.

2.10.3. There are two points that cannot bhe
overemphasized when flying on instruments: (1}
initiate corrective dclion o maintain the desired
aireraft anitude the moment vou confirm a need.
and (2} makc all ¢corrections smooth but positive.
The performance instruments indicate the need for
# change in aircraft attitude, Make these changes
by using the aritude indicator and throtiles as
necessary. Cross-check the performance instru-
ments to determine the adequacy of the correction
and make any refinements necessary to attain the
desired attitude. The nature of the maneuver tlown
will determine which performance instrumentis will
receive most of your attention, but constantly
cross-check all of them for precision instrument
flving. To understand instrument flying, carefully
study the techniques and procedures found v AFM
51-37, FLIP General Planning, TG 1-T-37B. this
chapter, ang chapter &

2.11. Pitch Coniral. An understanding of the
similarity between contact and instrument [lving
is necessary when you cannot determine the
attitude of the aircraft by use of cutside references.
The aircraft can be precisely controlled using the
instrutpents, The attitude indicator, altimeter, V VI,
and airspeed indicator give indicationy of the piich
attitude of the aireraft. Small, umely pitch
corrections on the attitude indicator and an
accurate cross-check of the performance instru-
ments are essential 1o developing good pitch
control technique. Proper use of elevator trum 1s
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an integral part of pitch control; good instrument
flying is very difficult without it,

2.11.1. Antitude Indicator. Without the hood, fly
the aireraft straight and Jevel. Adjust the attitude
indicator so the wings of the ministure aircraft
(shown cn the attitude indicator) are superimposed
on the horizon bar. While changing piteh, nate
how the relationship on the instrument corres-
ponds ta the actual movement of the nose of the
aircraft as it appears on the natural korizon. Cage
the atuitude indicators only when errors have been
induced in the instrumnent and positive relation to
level flight can be confirmed. (The flight manual
for the T-37 awrcraft has information on the
construction and limitations of the attitude
indicators.) During in-flight practice, change the
pitch attitude so the miniature aircraft indicates
a etimb of 2°. Compare this movement to the
movement of the nose of the alrcraft as 1t appears
on the natural horizon. Then reverse this maneuver
to show a descent. You can maintain level flight
by keeping the wings of the miniature aircraft
centered exactly on the horizon bar. Changes in
pitch attitude are nermally very small, not more
than 1°. Your instructor will eccasionally place
the aircraft in a steep climb or dive ard have you
return it to level flight. This is to give you practice
for special maneuvers that will comne later.

2.11.2. Altimeter. Fly the aircraft straight and level
with a fixed power setting. Te maintain a constant
altitude and airspeed, the piteh attitude must
remain constant. Raisc the nose of the aireraft untl
the miniature aircraft is well above the horizon
bar. Observe that the altimeter changes rapidly
with any subsiantial change in pitch attitude on
the attitude indicator. Make a small change in pitch
attitude. Observe the correspondingly slow change
in altitude indicated on the altimeter. Make an
abrupt change i the piich attitude. Qbserve the
momentary lag in the alimeter. Note that a lag
is ot as apparent when 4 gradual change is made
in the pitch attitude. Even though there is a
momentary lag in the indication of the ahltimeter,
if the pitch change is smooth and pradual, the
altimeter gives an almost immediate indication of
a change in pitch attitude,

2.11.2.1. To centrol the pitch attitude of the
aircraft properiy throughout a flight, you must use
both the attitude indicator and the altimerer.
Conseguently, a system of cross-checking must be
developed. You should not rely solely on the
attitude indicator because a change in awrspeed will
require an attitude change to maintain level flight,
With only two instruments at this stage of
instruction, the cross-check consists of merely
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looking from one instrument to the other. During
level flight the attitude indicator should receive
tnore attention than the altirpeter, but cross-check
the altimeter to make sure you are keeping the
altitude constant.

2.11.2.2, Practice holding the ahitude constant
using the attitude indicator and the altimeter.
Correet for a deviation of 100 feet by changing
the pitch attitude not more than 17, Corrections
in alttude arz made by these small changes in pitch
attitude.

2.11.3. Vertical Velocity Indicator (VVI). While
the VVI gives an immediate indication of a change
in pitch attitude, there is a short lap before it setiles
down and indicates the actual rate. This lag is
directly proportional to the speed and magnitude
of the pitch change. The VV1is a trend instrument
50 do not chase it. Make small corrections and
then wait for the instrument to settle down. Use
the VVI1 as a trepd instrumenl to prevent
overcontrolling. Practice maintaining level flight
by cross-checking the attitude indicator, VVI, and
altimeter. Place emphasis on precision. Ta lcarn
the function of the VVI and its relationship to
other pitch instruments perform the following
EXETCises:

2,11.3.1. From level flight, place the aircraft in
a dive by making a large change in pitch attitude.
While the vertical velocity is rapidly decrzasing
in the descent, pull the aircraft up into a climb.
Observe that after the lag, the vertical veloeily
reverses 1ts direction of movement and begins to
move rapidly upwards, indicating a change in pitch
attitude,

2.11.3.2. During practice, raisc the nosc of the
aircraft so the attitude indicator indicates a climb
of 1°. A change in pitch of this magnitude indicates
a vertical velocity of 300 to 400 feet per minute
(fpm}. This relationship between the attitude
indicator and the VVI is for low speed flight. In
higher performance aircraft at higher speeds, a 1°
pitch change might indicate a climh of as much
as 1,000 fpm.

2.11.3.3. For altitude correclions, one technigue
is to change attitude to get a vertical velocity in
fpmthat is about double the error in feet of altitude.
For example, if you are 100 feet off your altitude,
a 200 fpm correction is generally suitable.

2.11.3.4. In level flight, cross-check the three pitch
mstruments to detect a deviation in altitude. Add
V¥ to the sequence of the pitch auitude cross-
check previcusly described. Any deviation of the
vertical velocity needle from zero shows the need
for a change in pitch attitude.
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2.11.3.5. Nextestablish aclimb or descent of about
100 fpm. Note the VVI shows the change in pitch
attitude earlicr than the aitimeter, and the VVI's
mavement is easier to detect than the attitude
wdicator.

2.11.3.6, Now descend to 100 feet below the
desired aliitude and establish a climb to return
to the original altitude. To do this, change the
pitch a small amount on the attitude indicator and
cross-check the VV) to maintain a climb of
approximately 200 fpm. Cross—check the altimeter
to determine when to start the level off. (Normally
10 percent of VVI will be adequate.)

2.11.4. Airspeed Indicator. Airspeed remains
constant when in straight-and-level flight with a
constant power setting. Small changess in pitch
attitude produce very slow changes in airspeed,
Extreme changes in the piich ariwde produce
faster changes in airspeed. From cruising airspeed
in straight-and-leve] flight, elimb or dive the
aircraft. The apparent lag in the airspeed indication
is caused by the time required for the aircraft to
accelerate or decelerate after the pitch attitude
changes. However, there is no appreciable lag in
the correct indication of this instrument. Bring the
airspeed indicator into the cross-cheek in the seme
way as the attitude indicator, altimeter, and VVT.
As more instruments arc added, a quicker cross-
check is needed.

2.11.5. Elevator Trim. Your instruetor will have
vou fly the aireraft in level flight with the elevators
out of trim. Note that stick pressure is necessary
to hold the desired piich attutude. Adjust the
elevator trun to relieve the pressure, and note how
the aircraft flies hands off. In straight-and-level
flight, change the power seiting to note how It
becomes necessary to hold pressure on the stick
16 hold your altitude as airspeed changes. Relieve
this pressure with elevator trim. The importance
of keeping the awrcraft tnmmed cannot be
overemphasized. From level flight, vou will make
various power changes and practice the use of
elevaror trim.

2.11.6. Sommary. An efficient eross-check is
essential for precise instrument flying. The earlier
a deviation 1s noted, the smaller the correction
necessary lo counteract the deviation, The attitude
indicator is the most informartive instrument [or
piteh attitude control in level flight, but you should
cross-check the altimeter and VVI with the attitude
indicator to ensure the altiiude remains constant.

21.12. Bank Conirol. An accurate and timely cross-
check between conirol and performance instru-
ments 18 necessary. The auitude indicater gives
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direct information about the bank atutude of the
aircraft. The heading indicator and turn indicator
provide turning information. Proper use of rudder
and aileron trim is essential to good bank eontrol.
When you are in straight-and-level flight, maintain
your attitude by using the atiitude indicator, The
performance insiruments are used 1o help you
maintain a constant heading and altitude. The
cross-check should always be as rapid and accurate
as possible, even 1n simple maneuvers. This allows
morg time 10 Jirect vour attention to other matiers
in the advanced phases.

2.12.%. Attitnde Indicator. The horizon bar.
through gyroscopic properties, stays parallel ta the
actual horizon. The awrcraft’s actual attitude 1s
duplicated on the attitude indicator by the
miniature aircraft. This is easier to visualize if you
imagine yoursclf in the miniature aireraft. Proper
control of the mimature aircraft is also proper
control of the actual aircraft. Two indications on
the ARU-44A artitude indicator are used Lo
determine if the aircraft is inverted. If the bank
pointer is in the battom half of the instrument
case, the awreraft is inverted. If the words C1LIMR
vr DIVE or the numbers showing degrees of climb
or dive (30° 10 60°) appear upside down. the
aircraft is inverted. Precession errors in the attitude
indicators will frequently occur when executing
steep turns. The maximum precession error usually
oceurs after 1807 of turn. When the aircraft returns
10 straight-and-level flight, the miniature aircrafl
may still show &z slight bank because of the
precession of the attitude indicatar in the turn.
During a steep turn, the precession will be maore
apparent than in a normal lurn.

2.12.2. Heading Indicator, The heading indicator
gives an indireet indication of bank. As vou rell
the aircraft into a very shallow bank, note that
the heading pointer moves slowly in the direction
of bank. When you increase the baok, note the
corresponding increase in the rate of wrn on the
heading pointer. For turns of 30° or less, the bank
angle should approximate the number of degrees
to be turned. For turns of more than 30F, use a
bank angle of 30°. This is & good rule to prevent
overcontrolling the aircraft. After becoming
proficient, add the heading indicator to the cross-
check with the ather instruments used te maintain
stratght-and-level flight,

2.12,3, Turn-and-Slip lndicator. This mstrument
is composed of two major elements, the turn needie
and the hall. The importance of the turn-and-skip
indicator has been deemphasised in recent years
because of improved relability of attitude
indicators and improved imstrument flight proce-
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dures. It is still used when trimming the aircraft
and for emergency bank indications if the attitude
indicator fails. If such a failure occurs, the turn-
and-slip indicator is the only instrument available
1o help keep the aircraft upright. It is less likely
to fail than the attitude indicator because it is less
complicated and runs on direct current {DC),
whereas the atfitude indicator {except ARU 42A)
needs alternating current (AC) and will fail if the
nverters fail.

2.12.3.1. When the turn needie is exactly centered,
the awrcraft is in wings-level flighs, When the
aireraft is banked, the turn needle will deflect from
center indicating the direction of turn. Your
instructor will have you occasionally cross-check
the turn needle to suppont the other instrument
indications.

2.12.3.2. The ball 1s used 1o determine whether
the aileron and rudder trim are set correctly. The
aircraft is impraperiy trimmed when the wings are
level and the bali is not centered. Hold the wings
level with the aileron pressure, and center the ball
with the rudder. Relicve all pressures by adjusting
the appropriate trim. It is very important to keep
the ajrcraft trimmed properly at all times.

2.12.3.3. Instrument flying is not difficult if the
aircraft is trimmed and the instruments are cross-
checked properly, An accurate and timeiy cross-
check between contral and performance instru-
ments is necessary for good instrument {lying,

#.13. Power Control. Correct power settings and
standard procedures for changing airspeeds are
essential to proper power control. Your instructor
will provide techniques that will enable yau to
quickly set the approximate power setting for the
desired performance. The cross-check method used
for control and performance is also applicable to
power control. Increase the speed of your cross-
check when power changes are made. Power
changes that resull in airspeed changes affect the
attitude of the aireraft. These changes require
elevator contral pressure to prevent any undesired
change 1n the pitch attitude. This pressure is then
relieved by elevator wrim,
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2.13.1. Power Corrections. When you increase
power, the aircraft has a tendency to ¢limb as the
airspeed increases. Farward pressure on the
elevatar control is necessary to maintain a constant
altitude. Use elevator urim as necessary. With a
decrease in power, the nose has a tendency to drop
as the airspeed decreases. Usec back pressure
followed by elevator trim to maintain a constant
altitude. There is 2 specific power setting that will
hold aurspeed at the altitude vou choose, If you
want 200 knots at 10,000 feet, level off at 16,000
feet, accelerate, and s¢t the power on the
tachometer at the rpm you think should hold 260
knots, Keep the aircraft at 10,009 {eet with elevator
control, and watch the airspeed indicator. If the
airspeed stabilizes at more than 200 knots, you
must reduce rpm. If it stabilizes at less than 200
knots, you must increase rpm. Again allow the
airspeed to stabilize to determine whether a further
power correction is needed, Altitude s mainzained
with pitch control, and airspeed is maintained with
powet control. A quick cross-check between the
airspeed indicator and the altimeter will indicate
the need for a power or pitch change.

2.13.2, Combined Corrections. When the altitude
is correct and the airspeed is not, a power change
is necded to regain the desired airspeed. When both
the aititude and the airspeed are ingcorrect, use the
elevator control 1o correct the altitude and power
1o adjust the airspeed. If you are below the desired
altitude with a high airspeed, vou might be able
ta deplet¢ the excess airspeed with a pich
correction that will return vou to the desired
altitude, Similarly. if you are above the desired
altitude with a low airspeed, you may be able to
regain your desired airspeed with the required pitch
correction to bring you back down ta altitude, This
is the reason you generally correct first for pitch
and then for power, as required. Obviously, if you
are high and fast or low and slow, you will need
simultaneous eorrections of bath pitch and power,
You will be required to combine the cross—check
of the control and performunce instruments with
precise power control to maintain straight-and-
level fiight. During power cotrections, the speed
of the cross-check must be increased so contral
corrections can be tieely and small,
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EMERGENCY PROCEDURES

NOTE: The ¢mergency procedures in this section
supplement those in the T-37 flight manual. The
importance of studying all emergency procedures
cannot be overemphasized.

3.1. Bail Out. §f it is necessary 10 abandon the
aircraft, the aircraft commander will use the term
BAIL OUT as the final command. If 1ime and
conditions permit, the crewmembers should discuss
cjection procedures before ejecting. In critical
situations, do not delay ejection waiting for the
command to bail out and do not delay ejection
once the aircraft commander has given the
command. :

3.2, Compleie Elecirical Failure, Day or Night.
If vou encounter complete electrical failure, fly over
the runway supervisory umnit (RSU) or tower, as
applicable, at an altitude of 500 feet above the
ground {AGL) and at an airspeed of 200 knots.
This will alert the controller to your situation.

3.2.1. At the end of the runway, make a 180°
climbing turn to the downwind leg. Roll out at
normal pattern altitude. Use landing gear emer-
gency extension procedures to ensure the gear is
down and locked. Full flaps are optional. With
complete eiectrical failure, the speed brake,
spoilers, trim, thrust attenuvators, flap indicator,
and nose wheel stecring arc inoperative,

*3.2.2. Be alert for a red light or flare from the
R3U or tower, This may be a warning of some
unseen hazard. If you receive a steady green light
or no light from the RSU or tower and it appears
a safe landing is possible, continue with the
approach and landing.

3.2.3. Without the speed brake and thrust
attenuators, the importance of establishing a
proper final approach cannot be overemphasized.
I a go-around is required, start it as early as
passible and do not attempt to raise the gear. With
complete electrical faidure at night, you can sec
other aireraft but they cannot see you, so be
especially alert.

3,24, In certain situations, you may fly the
electrical failure pattern when you do not have
radio contact with the RSU or tower and want
te declare an emergency. Depending on your
problem, you may continue with an overhead
partterr or perform a straight-in appreach.

*3.3. Radio Failure, Day or Night. When the

R3U is in contred of the runway, fly a normal
overhead pattern, rocking the wings on initial.
Watch for a green light from the RSU. If no light
is received, flash the taxi iight on final and continue
the pattern. Do not sacrifice aircraft control 1o
fiash the hight. When the RSU is not in control
of the runway, fly the aircraft alongside the landing
runway while rocking the wings. Turn to downwind
at the end of the runway and check the tower of
RSU for a green light on base leg and final
approach,

3.4. Physiological Problems. There are many
physiclogical factors that may affect a pilot. They
have one commen result—degraded piiot perform-
ance. The cause may be hypoxia, hyperventilation,
bends, chokes, or cramps. Symptoms are not the
same for every pilot, In physiological training you
were allowed 1o experience and identify some of
your symptoms. Learn ta recognize your symptoms
ot the degraded performance. I noted, gang load
your oxygen controls, declare an emergency, and
descend below 10,000 feet mean sca level (MSL),
Wher able, refer to the aircrew checklist for oxygen
system emergency operation. Land as soen as
practical, even if you begin ta feel better. The flight
surgeon will meet the aircraft and check your
personal equipment.

#3.5. Visual Flight Rules (VFR) or Low-Level

Emergencies. Almost any VFR or low-level en
route emergency will demand that you climb the
aircraft to a safe height above the terrain so you
may analyze the situation safely and establish radio
contact. If you have maintained positional
awareness end are able, proceed to the nearest
suitahle airficld while handling the problem. If
unable to contact a controlling agency, fallow the
local lost~<ommunication procedures, specific
route lost-communication procedures listed in
FLIP AP/1B, or the general lost~-communication
procedures in the FLIP flight information
handbook. Some emergencies you should reference
in the preflight bricfing are engine failure at low
altitude, bird strike, canopy failure, low-level
diverts, and weather.

3.5.1. Compuie a route abort altitude for each
VFR or low-level navigation route flown, and
ciearly annotate the altitude on the chart for easy
reference in flight. Compute this altitude to provide
1,000 feer (2,000 fret in mountainous terrain}
clearance from the highest obstacle within 10
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nautical miles (NM) either side of course for the
entire route,

%3.5.2. Instrument meteorological conditions
{(IMC) encountered while flying VER or {ow-level
navigation constitute an emergency situation, If
you cannot avoid flying into IMC, immediately
abor the route and climb to your emergency route
abort altitude or higher if appropriate. The climb
should be expeditious, using military power and
a sale airspeed. Several factors, such as the terrain
or the nature of the emergency, will influence the
airspeed used to abort the routc. Normally, a
minimum of 160 knots indicated airspeed (K1AS)
is sufficient during the climb. To abori, imme-
diately establish a climb on course and do not,
under any circumstances, attempt {0 reenter the
route once an abort has been indtiated. Route
aborts are potentially disorienting; immediately
transition to instruments and pay close attention
to aircraft coatrol and flight parameters. After
reaching the route abort altitude, fevel off, squawk
emergency if appropriate, and coordinate with the
appropriate controlling agency for an IFR
clearance 1o destination. A clunb to an altitude
higher than route abort may be necessary to ensure
obstruction clearance during the recovery to the
destination airfield.

%3.5.3. If at any time you miss consecutive
checkpeints or turn peints and do not recogmze
any references from your map, chmb to the top
of the route structure. Maintain pianned headings
and airspeed while attempting 1o identify major
references. Use any available VOR to fix your
position. Check past actions to trace a possible
navigation error, If unable to reorient voursell,
aborl the route and follew the lost procedures
discussed in paragraph 3.8.

%3.6. Airspeed Indicator Malfunction. An interrup-
tion of static or impact pressure will cause an
airspeed 1ndicator maliunction, An obstraction at
the static ports or pitot tube will cause erroneous
cockpit indications. This may result in a slow
decrease toward zero or possibly a stable indica-
tion. You should suspect a2 malfunction if you note
any rmproper response. It s important to ensure
the pitol heat is turned on when flying in visible
moisture 1o prevent the formation ice.

3.6.1. The correetive action taken for pitot-static
system malfunctions will vary, based on the
sitnation. Because we do not have an altemate
gtatic system, an emergency source of static
pressure can be obtained by breaking the glass of
ote of the differential pressure instruments. In this
case, the instructor’s airspeed indicator or altimeter
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would be the best choice, but anticipate slightly
higher than actual airspeed indications. The only
eockpit correction for pitot tube blockage is to
use pitot heat.

3.6.2. Recovery and landing with an airspeed
indicator inoperative will vary, based upon the
availability of a chase aircraft 10 lead you down
for landing. Since this is the preferred method of
recovery, coordination with ground agencics may
be necessary to facilitatean awrborne rendervous.
Use caution during flight without an arspeed
indicator. ‘You must use approximate power
settings and pitch attitudes 1o maintain the desired
airspeeds. Avoid rapid pitch and power changes
and initiate immediate recovery procedures for any
stall indications.

3.6.3. If your situation dictates a single-ship
recovery and landing, consider your proficiency
level and familiarity with different patierns. This
may determine whether you elect to fly an overhead
pattern or straight-in approach. In either case, plan
your approach carefully and use appropriate power
settings to provide safe airspeed control.

3.7, After Landing With an Emergency. If you
require assistance from fire protection or main-
tenance personnel during an emergency or
precattionary landing, hald the brakes and raise
both hands to signal that it is clear to inspect the
aircraft. Do not actuate switches withont visual
coordination with the ground crew,

3.3, Lost Procedures. If you do not pay anention
to where you are flying, you may become lost or
disoriented. You should have a map of the area
sa keep yourself onented in relation to known
landmarks at all times. If you should become lost,
do not hesitate to call for assistance. 1t is far better
to admit you are lost and get Lelp than to wander
aimlessly until you are low on fuel and have to
bail out.

3.8.1. Fuel consumption is extremely critical. You
should take immediate steps to conservc your
remaining fuel. While calling for assistance and
trying to determine your position, chimb to the
optimum altitude as indicated in the diversion
range summary chart and establish maximum
endurance airspeed (125 KIAS).

3.8.2. Attempt to contact an air traffic control
radar facility on ultra high frequency (UHF). If
there is no contact, channelize the radio to other
frequencies listed in your in-flight gude. Squawk
mode 3 code 7700 or emergency on your iden-
tification, friend or foe/selective identification
featurc {TFF/SIF). If you can not contact a radar
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facility on the listed frequencies, attempt contact
on Guard (243.0). Preface your calls with,
“Mayday, Mayday, Mavday,” and give your cail
sign and type of emergency. Several controlling
agencies will probably answer vour distress call,
Select one agency, and tell the rest to remain silent.
The agency you select will attempt to identify you
by requesting that you change your IFF code. Once
you are identified, yor will be given directional
information 1o the nearest suitable airfield or, if
sufficient fuel exists, to your home field.

3.8.3. Remember, the UHF radio works on a line-
of-sight transmission principle. The higher your
altitude, the more likely you are to obtain a good
steer from a ground facility. The following is an
approximate range for transmission over flat
terrain:

Aircraft Altitude Renge
5,000 feet 55 miles
10,004 fest 140 mmies

20,000 feet - 200 miles

3.8.4. If you cannot establish radio contact wiik
any controlling agency, try to determine your
position by radial and DME from a known
navigational facility. If the DME is inoperative,
try 1o orient yourse! by using two VOR stations.
Tune in a nearby VOR, and note the radial you
are on. Draw this line from the VOR on your
map. Tune in another nearby VOR, and note the
radial you are on. Draw this line from the second
VOR. on your map. The point where the two radials
¢ross is your position within 2 or 3 miles. Factors
such as inaccurate plotting and movement of the
ajreraft affect the accuracy of the fix. However,
in the absence of other landmarks, this two-bearing
fix is very useful.

385 If you decide to accept radar veciors or
attempt to home ta a station, ensure that your
RMI/J-2 heading indicator is operating praperly.
Check it with the standby magnetic compass. If
they do not agree, rely on the magnhetic compass.
In this case, the RMI would be unreliable because
it is connected to the J-2 system; however, you
may usc the CDI to determine the bearing 1o the
station. To do this, st a course in the course
window by centering the CD1 with a TO indication
on the TO/FROM indicator. Use the CDI to
gstablish a course to the fix while using the
magnetic compass for heading information. Once
you are oriented, mainiain maximum range
airspeed as indicated in the diversion range

pL]
summary chart.

3.8.6. If you are unable to establish your position
or navigate using aircraft instruments, pick out
some outstanding landmark on the ground. A
significant, body of water, a town, or a raiiroad
rossing are all good landmarks. Try to find your
selected landmark on your Jocal area map. You
should have some idea of your general location
s0 look for your landmark in that general arca
on your map. Orient your map with the aircraft
heading.

1.8.7. If vou cannot locate the landmark an your
map, don’t just wander around aimlessly; fly a
definite heading until you can pick up another good
landmark. Set up an orbit around it and Kentify
1t.

3.8.8. If you still cannot locate your position, look
for a suitable airstrip and land before you run out
of fuel. If you cannot locate an airsinp before
running out of fuel, EJECT. Do not attempt to
make a forced landing.

#*39_ Trim Malfunctions. A trouble-free trim

system is essential to minimize fatigue from out-
oftrim stick foregs. You should not atiempt to
fly an aircraft that fails the preflight trim check.
Once airborne, a trim system [ailure could result
in heavy stick forces leading to musculzr fatigue
or even loss of aircraft control due to disorientation
from uwnusual stick pressures. The most effective
way 10 reduce or eliminate stick forces caused by
trim failure is to reduce the airflow over the control
surfaces and trim tabs. Flying ai faster airspeeds
dramatically increases the force required ta
maintain a desired pitch. The design of the T.37
is such that nosc dewn stick forces may increase
as airspeed increases at nose down trim settings.
These nose down forces may become extreme at
high airspeeds, and the only way to bring these
forces under contro] is by reducing airspeed or
retrimming. If you experience trim failurc or
runaway irim at low altitude, consider trading
airspeed for altitude and climbing. In addition to
trim faiture, the trim actuator could “run away”
as a result of a malfunction or inadvertent
application by a crewmember. This could result
in very heavy stick forces. Anytime you experience
abnormal stick forces, use pitch and power 10
achieve an airspeed range of 110-150 KiAS and
refer to the “Runaway Trim" secton of the
checklist.
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TAKEOFF, CLIMB, AND LEVEL OFF

4.1. Pretakeoff. You must prepare yourself and
the aircraft for the takeoff. Make absolutely certam
all applicable procedures and checklist items have
besn completed. When cleared for takeoff, before
taxiing onto the runway, ensure the canopy is
locked and the warning light is out. ¥ more than
one aircraft is cleared into the takeoff position,
use alternate sides of the runway to avoid exhaust
blast. Lock around to make sure that you are ciear
of all other aircrafi, and clear final approach. Taxi
onto the runway, ensuring the nose wheel is aligned
straight down the runway.

4.2, Tskeoff Options. Initiatly, you will practice
only static takeoffs. Later, vou and instructor will
have the option of a rolling takeoff.

4.2.1. Static Takeoff. One method of initiating the
takeoff is a static engine runup. Pump up the brakes
and exert as much pressire as necessary to prevent
ereeping during engine runup. Look down the
runway, and run up the engines to military power,
glancing into the cockpit only momentarily to
casure the EGT has not ¢xceeded limitations. Your
primary concern at this time is to ensure the aircraft
is not creeping forward or pulling e one side. When
the engines have stabilized at military, complete
the lincup checklist. Divide your attention between
checking each item and holding the ajreraft in
position. When you are ready to begin the takeoff
roll, eagage the nose wheel stecring and release
the brakes. If the brakes will not hold satisfactorily
at military power, reduce power and pump up the
brakes again. If the brakes do not hold during
the second runup, abort the aireraft.

4.2.1. Rolling Takeofl. Another takeoff method,
used primarily to aid traffic flow in a busy pattern,
is a rolling rakeoff. It is actually a smooth
combination of taxi, application of power, and the
takeoff roli. Rolling takeoffs have a negligible
effect on TOED, and no reealculation is reguired.

4.3, Takeoff:

4.3.1. Takeoff Roll. Maintain directional control
with amaooth rudder application, You will feel the
elevator gradually become effective as the airspeed
builds. At this peint in the taxi-flight 1ransition,
the aircraft is being fiown more than taxied. As
this eceurs, you need to make progressively smaller
rudder correciions. At approximately 65 knots {or
computed nose wheel lifi-ofl speed), smoothly

apply back pressure to the stick to establish the
takeoff attitude and release the nose wheel steering
button. Because a good takeoff depends on takeoff
attitude, it is important to know how this attitude
is attained. The ideal takeoff requires minimum
pitch adjustment after the aircraft becomes
airborne. Your instructor will demonstrate the
takeoff attitude. Use whaever back pressurc is
necessary to hold this attitude. Keep the wings level
by applying aileron pressure. At the takeoff point,
all flight controls are effective in maneuvering the
aircrafi. At any time during the takeoff, a situation
may arise that requires an abort. The decision to
abort depends on the nature of the problem, speed,
and runway remaining. You must make decisions
accurately and quickly. With cerzain types of
malfunctions, you may find it advisable to continue
the takeoff and then land as soon as practical.
In any event, vse flight manual procedures and
limiiations to assist vou in making your decision
10 abort or continue the takeoff. Your instructor
will help vou develop the judgment to make
accurate, timely deeisions. There is no substitute
for pood jndgment.

4.3.2. Leaving The Ground. Maintain the takeoff
attitude. On initial 1akeoff as the airspeed
approaches 90 knots, the aircraft will fly off the
ground. Changes in fuel weights and flap settings
will vary takeoff aitspeeds. As the aircraft leaves
the ground, maintain the correet flight attitnde and
ditection. If insufficient back pressure is held, the
aircraft may settle back to the runway after the
initial Liftoff, However, be careful not to force the
aircraft into the air by applying too much back
pressure before adequate flying speed is gained.
If this happens, the nose may rise so high that
a stall develaps. Forcing the aircraft into the air
prematurely is an unsafc practice and must be
avoided.

4.3.3, After Becoming Airborne. The aircraft wiil
pick up speed rapidiy after becoming airborne.
When you are safely airborne and you have
attained a minimum of 100 KIAS, prepare to raise
the landing gear. To prevent premature gear

- retractions, make this a conscious act, using the

flight condition of the aircraft as the cue. Never
allow gear retraction to become a habitnal action
ot rely on a single cue, such as arspeed. Before
raising the gear handle, the pilot flying the aircraft
on all dual sorties will make a “gear ciear™ call.
A verbal response is not required except for presolo
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sorties. In presolo the instructor pilot (IP) will clear
the student to raise the gear. In cases other than
presolo, the “gear clear™ call is advisory only. It
is intended to make the pilot consciously aware
of the act of raising the gear and to emphasize
that the other crewmember has a responsibility 1o
ensure gear retraction is done properly,

4.3.3.1. When the gear handle is up and the
airspeed is above 110 knots, retract the flaps and
adjust the pitch attitude slightly to compensate for
the loss of lift. After takeoff, confirm the gear
handle is up, warning light in the gear handle is
extinguished, flaps are up, and engine instruments
are checked. Trim to relieve the pressure on the
control stick. If no elevator or trim corrections
are made during departure, the increased control
effectiveness at higher airspeeds will cause a
steeper-than-desired climb out. To counter this,
continue to increase forward stick pressure on the
elevator to maintain the desired climb angle.
Concentrate on maintaining the desired pitch
attitude after lift-off, and trim to relieve control
pressures.

4.3.3.2. When an aircraft has taken off imme-
diately ahead of you, anticipate the possibility of
wake turbulence, especially if the wind is calm or
straight down the runway. Although sudden
deviations in flight attitudes may occur, do not
become alarmed. Use firm control pressures to
make a very shallow turn in either direction to
flv out of the wake turbulence; then realign the
aircraft with the original flightpath. If a erosswind
is present, make the turn upwind because the wake
turbulence will be blown away from your flighpath.

4.3.3.3. Early recognition of power failure is
critical. In this aircraft, loss of thrust is wsually
detected by referring to the engine instruments
(tachometer and EGT), by engine sound, or by
a change in aircraft direction. Failure Lo attain
or maintain airspeed may also be a clue. During
operations such as takeoffs, where loss of thrust
is critical, the need for monitoring engine
instruments is even more important. Therefore,
you should learn to cross-check engine-
performance instruments during takeoffs.

4.4. Crosswind on Takeoff:

4.4.1. Takeoff Roll (Crosswind). As you taxi into
takeoff position, check the wind sock or other wind
indicators or get wind data over the radio so vou
can anticipate the crosswind.

4.4.1.1. The initial takeoff roll technique for a
crosswind is the same as for a normal takeoff except
the aileron is held into the wind as the takeoff

27

roll is started. You will also ;u:ed to apply opposite
rudder to keep the aircraft from weathervaning
{that is, streamlining itself into the wind).

4.4.1.2. As the aircraft approaches flying speed,
the ailerons become more effective. You must
reduce aileron deflection to keep the wings level,
but you have to maintain some aileron deflection
throughout the takeoff roll. This aileron deflection
is nmecessary because the upwind wing develops
more lift, causing it to fly (begin rising) before
the downwind wing,

4.4.1.3. If the upwind wing rises and exposes more
impact surface, a skipping action may result (figure
4.1). This is a series of very small bounces caused
by the aircraft attempting to fly on one wing and
then settling back onto the runway. During these
bounces, the crosswind will move the aircraft
sideways and the bounces will develop into side
skipping. This skipping imposes stress on the
landing gear which could result in materiel failure.
In addition, the tendency of the aircraft to
weathervane ic increased.

4.4.1.4. Use caution during takeoffs in gusty wind
conditions for rapidly changing wind direction and
velocity. Timely corrections are needed to maintain
directional control.

Skipping results from
insufficient aileron.

Proper use of aileron
prevents skipping.

Figure 4.1. Skipping on Takeoff.
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4.4.2. Leaving the Ground (Crosswind). As the
wheels leave the runway, the aircraft will start
drifting with the wind. Relax the rudder pressure,
allow the aircraft to turn into the wind until an
adequate crab is established, and then neutralize
the crosswind aileron. Continue to climb in the
crab to maintain runway alignment on the takeoff
leg (figure 4.2). The remainder of the takeoff climb
is the same as previously explained (paragraph
4.3.3).

4.5, Climb and Level Off:

4.5.1. Turns After Takeoff. After takeoff, climb
straight ahead until you are past the departure end
of the runway (or as directed). A minimum of 150
KIAS and a safe altitude should be attained before
the first turn after takeoff.

4.5.2. Climbs. A normal climb is made at an angle
and airspeed that result in the optimum gain in
altitude in relation to time (best rate of climb) with
power set at military. Below 10,000 feet, climb at
180 knots. Above 10,000 feet, maintain 160 knots,
This is called a tech-order climb. You have the
option to modify this climb schedule to suit specific
mission requirements.

AETCM 3-3 Volume 2
4.5.2.1. If the climb is started from cruising
airspeed, gradually decrease the indicated airspeed
to obtain the tech-order airspeed for vour existing
altitude. This change in airspeed is gradual, rather
than immediate, because of the momentum of the
aircraft and the added power for climb. Continue
to climb at tech-order airspeed.
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4.5.2.2. Trim is an important consideration during
a climb. When you have established the climbing
attitude, trim the aircraft to relieve all pressures
from the controls. Trim should be a continuous
process throughout the climb and level off. When
yvou adjust the flight attitude and (or) airspeed,
retrim the aircraft.

4.5.3. Straight-Ahead Climbs. To establish a
straight climb from level flight, advance the
throttles to military and raise the nose to a climbing
attitude. All pitch changes should be made using
outside references. Straight flight can be main-
tained by using section lines or other outside
references supported by the heading indicator. A
wings-level attitude should be maintained by
outside references. An occasional glance at the
attitude indicator will help. Your instructor will
show you the climbing attitude at different altitudes

N TAKEOFF-RUN
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Figure 4.2. Crabbing Into Crosswind After Takeofl.

TAKEOFF POINT




AETCM 33 Volume 2 1 July 1993

and the outside references to maintain it. If the
wingtips are equal distant from the horizon, a
wings-level attitude should be indicated on the
attitude indicator. As the climb is established, use
back pressure to increase the pitch attitude. When
the airspeed decreases to the desired reading, the
amount of backstick pressure required to hold the
airspeed will become constant. Use elevator trim
to neutralize the stick pressure. Onee this is done,
you will be able to maintain an attitude without
holding pressure on the stick.

4.5.4. Climbing Turns. During turns, the loss of
vertical lift becomes greater as the angle of bank
increases, so use shallow-banked turns to maintain
a good rate of climb. During the early part of
vour training, make each turn a separate maneuver,
pausing momentarily before establishing another
turn. This will give you practice in entering and
recovering from climbing turns. If vou trim in the
turn, vou will experience different pressures during
the rollout and vou must retrim when the wings
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become level. Clear the area continuously during
climbing turns.

4.5.5. Level Off From Climbs. Stop vour climb
at a selected altitude, and establish level flight. Start
the level off by using a lead point that will ensure
a smooth transition to the desired level-off altitude.
One technique is to use a lead point that is
approximately 10 percent of the VVI. For example,
if you are climbing at a rate of 2,000 feet per minute,
start the level off 200 feet below the desired altitude.
At the lead point, lower the nose of the aircraft
to level flight. Adjust the throttles as necessary
to obtain the desired airspeed (cruise power is
approximately 90 percent), and retrim the aircraft,
Trimming is a continuous process from the time
vou lower the nose until the airspeed stabilizes.
After leveling at cruise and (or) maneuvering
altitude, perform the ops check. This check is not
required for intermediate level offs. You may
combine the ops checks when the level off is at
or below 14,000 feet.
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CONTACT

Section A—Stall Training and Slow Flight

5.1. General. Stall mancuvers and slow flight
enable vou to recognize attitudes, seat pressures,
and the control feel that signals unsafe flight
conditions. A thorough knowledge of these
maneuvers will allow vou to fly an airplane safely
at maximum performance.

5.1.1. Before performing stalls or slow flight,
ensure your loose equipment is stowed and the
boost pump is operating. If maneuvers are flown
in a series, you are not required to check these
items between individual maneuvers.

5.1.2. The stall is best defined as a condition where
airflow over the top of the wing becomes separated
from the surface of the wing. When this occurs,
a turbulent wake develops on and behind the wing
and the aircraft suffers a drastic reduction in lift.
We are interested in this phenomenon because
when the stall occurs, continued flight in the
normal sense 1s no longer possible. If the stall
condition is severe, the controls lose their
effectiveness and sudden pitching and rolling
motions occur. As the stall progresses, control
effectiveness is lost in the following order; aileron,
elevator, and rudder. During stall recovery, control
effectiveness 15 regained in the reverse order:
rudder, elevator, and aileron, Obviously, a stall
at low altitude is dangerous because considerable
altitude may be lost during recovery. The following
material outlines the conditions leading to a stall,
stall warning, and stall recovery,

5.2. Conditions Leading to a Stall:

5.2.1. Cause of Stall. Basically, there is one cause
for a stall—exceeding the critical angle of attack
(AOA). Remember, the AOA is the angle between
the chord line and the relative wind. Figure 5.1
shows that a high AOA leads to airflow separation
and the formation of a wake of turbulent air behind
the wing. Separation begins at a certain AOA. A
further increase in AOA will cause separation on
maost of the top surface of the wing.

5.2.1.1. It is important to realize that an airplane
can stall at any airspeed, attitude, or power setting
if you demand (with the elevators) an AOA above
the critical value. If the airspeed is low, the stall
will occur with light seat pressure and low Gs.
If the airspeed is high, you will feel considerable
Gs and seat pressure when the AOA is sufficient
to cause a stall, Figure 5.2 shows the relationship

'ATTACK - TURBULENT WAKE g

Figure 5.1. Angle of Attack (ADA).

between Gs and stalling indicated airspeed for an
average gross weight and clean configuration.

5.2.1.2. Although you need not memorize the stall
speeds in figure 5.2, note the direct relationship
between Gs (seat pressure) and stalling indicated
airspeed. The one-G stall is the level flight stall.
Stalls occurring with more than one G are often
referred to as high speed stalls or accelerated stalls.

5.2.2. How To Detect an Impending Stall. To
become a proficient pilot, you must recognize the
flight conditions that cause stalls and know how
to apply the necessary corrective action. You must
learn to recognize an approaching stall by both
sight and feel. You can see abnormal nose-high
attitudes and decreasing airspeed which may lead
to a stall. During turns and when pulling Gs, vou
can see the rapid motion of the nose as excessive
back pressure is applied. You can feel the control
pressures become light and less effective at low
airspeeds. During rapid or steep turns, you can
feel the excessive pressure forcing you into the seat

Stalling IAS 0 39 56 67 79 112 137 158
Gs R R ES R R e T

5400 1bs weight, clean configuration

Figure 5.2. Stall Speed for Varying G Loading.
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as well as the excessive pressure you are applying
to the controls.

5.2.3. S4all Warning. In a clean configuration, the
T-37 provides stall warning in the form of buffet.
This is easily understood by referring to figure 3.3,
step a. As the stall begins, the smooth airflow starts
to separate from the wing in a small region near
the wing root. The resulting turbulent wake strikes
the tail and shakes the contrels. This shaking or
buffeting indicates the need to reduce the AOA
to prevent a full statl.

5.2.3.1, The fulistall is reached at an AQA slightly
higher than the angle where buffet begins to be
roticed (figure 5.3, step b). The separation has
spread over most of the top rear ponion of the
wing. Tests confirm that as this happens in the
T-37, the airflow over the tail surface becomes so
disrupted that the elevator can no longer hold up
the nose. Thus a sudden decrease in pitch takes
place, which is often referred to as nose drop. Nose
drop is easily noticed in the low G, high pitch
attitude stalls. During level flight stalls and
accelerated stalls, nose drop is not so apparent.
These stalls are best characierized by very heavy
buffet, ioss of aileron effectiveness, and rolling
mions,

5.2.3.2. When the flaps of the T-37 are lowered,
the stalling characteristics of the wing change. Both
the stalling AOA and stalling speed are reduced.
Also, when the flaps are down, the wing wake does
not give a buffet warning of an impending stall.
For this reason, the aircraft is equipped with a
spoiler system, which provides an artificial buffet
warning approximately 4 to 10 knots before stall
is reached.

5.3. Stall Recovery. The T-37 has excellent stall-
recovery charactenstics. The e¢levator is effective
enough to reduce the AOQA during the most severe
stalls. Aileron control becomes marginal during
a fuli stall, but rudder control is adequate to
provide directional control except in the most
severe stalls. To recover fram a stall or to alleviate
approach 1o stall indications, apply the stall
recovery procedures., Do not think of these
procedures as steps, one [ollowed by another.
Instead, apply them simultaneously because they
all aid in the recovery.

5.3.1. Reduce back stick pressure to decreasc the
AQA, Stick forces required io ¢himinate a stall
will differ with every stall. Therefore, do not push
forward on the stick to a predetermined point. At
the same time, use the rudder to aid in leveling
the wings to reduce the stall speed, and advance
the power to military as the speed brake is retracted
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Figure 5.3. Stall Warning.

to increase airspeed. As you feel the aircraft regain
flying airspeed, return to level flight.

5.3.2. Reducing the back pressure on the stick to
decrzase the AOA will restore Jift. Thus the aircraft
13 immediately brought out of a stalied condition
and returned to flyving condition, although you may
stitl be in a descent, If the wings are severely stalled,
the use of aileron is ineffective and will agpravate
the stalled condition regardless of the finesse with
which the aileron is applied. Use ailerons with
coordinated rudder to level the wings after the siall
is broken.

5.3.3. Since the throttles are your only direct
conirol over thrust, it is important that you have
maximum thrust 1o expedite the return to level
flight by increasing the airspeed. When time 1s
critical, as in low altitude thrust-deficient situa-
tions, rapid throttle movement is the mast efficient
procedure to achieve maximum engine accelera-
tion, Acceleration time is approximately 40 percent
less when accelerating from 50 percent rpm to
military power versus idle to military power.
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3.3.4. The stall recovery is not complete until the
aircraft is returned to level flight. Avoid attempting
too rapid a recovery, which will result in a
secondary stall, Strive to develop a feel for flying
the aircraft out of a stalied condition with a
minimum loss of altitude.

5.4. Power-Un Stalls. Power-on stalls are designed
to teach you to recognize and recover frem a nose-
high attitude, full stall. You will recover from these
stalls when control effectiveness is lost. Control
effectiveness is lost when the nase drops er an
unplanned rolling motion takes place. Full back
stick is not needed before imtiating recovery, and
the exact point where the full stall is reached is
not considered a point of emphasis. 1t is immportant,
however, for vou to see how an airplane behaves
if recovery from the stall is not made at the first
huffet indication. Adjust the throttles to 90 percent
rpm prior to the first indication of the stall. Clear
the area. Pay particular attention to the arca above
and in frool of your aircraft, It is nol necessary
to clear before sach individual stall maneuver
unless you pause too long between maneuvers and
fly out of the area you have previousiy cleared.

5.4.1. Straight-Ahead Stall. To exccute a straight-
ahead, power-on stall, raise the nose to a pitch
allitude between 15° and 50°. Your IP will point
out the putside references tc use. Slowly and
smoothly increase back pressure 10 hold this
attitude until stall oceurs. Keep the wings level
with aileron pressure.

#*5.4.1.1, Recover by using stick forces as necessary
te decrease the AOA and smoothly advance the
throttles 1o military, Apply coordinated rudder and
ailercn pressure tc level the wings. Notice how
large a pitch change is necessary to recover. Allow
the nose to lower until you feel positive pressure
on the contrals, which indicates the aireraft is
regaining flving airspeed. Cross-check the airspeed,
and recover with minixnum loss of altitude without
encouniering a secondary stall. The maneuver is
complete when you have returned to level flight.

5.4.1.2. At lower pitch attitudes (between 15° and
30°), the aireratt stalls at a relatively high airspeed.
Shortly after you kower the nose, the aircraft will
regain flying airspeed. At higher pitch attitudes
(perween 30° and 50°), the stall speed is slower
and a greater pitch change is necessary to regain
flying airspeed.

5.4.2. Turning Stall. The turning stal! is executed
in much the same manner. The pich and power
are the same in the tuming stall as they were in
the straight-ahead stall. The bank is 20° 10 30°
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in either direction. From straigit-and-level flight
attitude, set the pitch attitude between 15° and
50° and establish the desired bank. Hold this
established attitude with elevator pressure until the
stall occurs (usually indicated by nose drop or
unplanned roll); then recover straight ahead as you
did in the straight-ahead stall. A precision &ntry
is not as imporiant as proper recognition and
recovery from full-stalled conditions.

5.5. Traffic Pattern Stall. You will practice traffic
pattern stalis t0 beeome proficient in recognizing
and recovering from stall conditions that could
occur in the traffic pattern when you are rapidly
cross—checking all available ontside and instrument
references. The emphasis is on recognizing the
approach to stall and the use of recovery
procedures, not how the stall series is set up or
the flow from one stail to the otker. Above
approximately 90 KIAS, the spoilers will not
extend during configured stalls. Without spoilers,
you will have no indication of an approach to stail.
Initiate recovery when you recognize an approach-
to-stali indication. Buffeting is the best indication
of an approach to stall. If a stall indication actually
occurs in the traflic patiern, make no attempt to
comply with the normal ground track. Recover
the aircraft by using the above procedures to safely
regain aircraft control.

5.5.1, Break Stall. On a simulated initial, adjust
power to maintain 200 knots. Execute the break
(clear the area), and reduce power as you would
in the traffic patiern. After the turn is well
established, steadily increase bank and back
pressure until you recognize an approach to stzll
indication. At this point, exeente an immediate
recovery by using stick forces as necessary to
decreasc the AQA. Adjust the angle of bank as
necessary, and continue the furn to approximately
the 180° point, simulating a downwind leg. When
determining the effectiveness of this maneuver, do
not consider the altitude lost or gained before the
stall

%5.5.2. Nose=Low Final-FTurn Stall, On the simu-

lated downwind leg, configure for a normal
overhead partern. Approaching 120 knots, initiate
a normal final turn. Ensure the speed brake is out,
After the turn is established, lower the nose and
steadily increase bank and back pressure until you
recognize an approach to stall indication. Recover
by simultaneously using stick forces as necessary
to decrease the AQA, advancing the power to
military, retracting the speed brake, and leveling
the wings. Return to level flight as soon as possible.
Do not lose any more aititude than necessary.
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5.5.3. Nose-High Final-Twrn Stall, In level flight
at 120 knots minimum, reduce the power as you
would on a downwind leg and reconfigure for a
normal pattern. Begin a normal final turn. After
establishing the turn, raise the nose slightly and
shallow out the bark. Continue to tern until you
recopnize an approach te stallindication. Recovery
is the same as for the nose-low final turn stall except
airspeed is fower and it will take vou lomger to
return the aireraft to level flight.

5.54. Landing Attitude Stall. Extend the speed
brake, establish a 100-knot simulated final
approach, reduce the power to idle, and execute
a normal roundout for landing. Held the landing
attitude constant until you recognize an approach
to stall indication. At that point, execute a normal
stall recovery.

NOTE: After completing the first instructional
unit requiring traffic pattern stalls, the break stall
is optional, You may start from a simulated
downwind position; however, you are still required
to clear the area, The sequence of the turning stalls
is unimportant. Your IP has the option of having
vou fiv only one of the turning stalls during the
series. Additionally, he or she may demonstrate
the approach to stall charactenstics in vanous
configurations used in the traffic pattern.

5.5.5. No-Flap Stall. No-flap traffic pattern stalls
will also be practiced. In performing the stalls
without fiaps, use the same configuratior,
airspeeds, and power settings as in the no-flap
landing pattern. Whaile performing these sialls, be
awarc of the differences in aircraft buffet, pitch
attitndes, and stalling airspeeds. Be careful not to
exceed the pear-down limiting airspeed during stall
TeCOVeTies.

5.6. Secondary Stall. A secondary stall is a form
of an accelerated stall and is caused by excessive
slevator control, It is called a secondary stall
because 1t occurs afier a partiai recovery from a
preceding stall. A secondary stall is caused by
attempting to hasten a stall recovery when the
aircraft. has not regained sufficient flying speed.
This stall demonstration is designed to show you
what will happen if you rush the return to level
flight after a stall or spin recovery. It also ieaches
you the value of smooth back pressure at ¢ritical
airspeed and the imporiance of allowing an aircraft
o begin flying before completing a stall recovery,
The secondary stall is usually demonstrated after
a partial recovery from a power-on stall. Clear
the area and perform a normal power-or stall.
When the stall occurs, initiate a recovery. Then
steadily bring the stick back as if you were trying
to rush the return to level flight. Continue to
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increase back pressure until the aircraft buffets and
the nose stops tracking., Note that the throtties
are fulf forward when the secondary stall is actually
entered. When this occurs, use stick forces as for
a normal stalf recovery.

5.7. Slow Flight:

5.7.1. Slow-Flight Practice. Slow flight will
acquaint you with the characteristics of the aircraft
at minimum flying speeds and will demonstrate
the importanee of smooth control application. You
will practice slow flight to develop your feel for
the aircraft and your ability ic use the controls
correctly, This will improve your proficiency in
performing low airspeed mantuvers. You may
enter slow flight after the traffic pattern stalls or
by reducing the airspeed and configuring for the
maneuver. When the airspeed is below 130 knots,
lower the landing gear and make all geardown
checks, Lower the flaps when the airspeed is below
135 knots. (The speed brake is optional.} Continue
1o maintain altitude while the airspeed decreases.
When the airspeed has decreased 10 75 10 80 knots,
adjust the power to maintain airspeed and altitude.
Trim the aircraft as needed throughout these
changing flight conditions. You may practice slow
flight using the no-flap configuration and 90 to
95 knots.

Ww4,7.2, Slow-Flight Demonsiration. Your IP will

demonstrate the following handling characteristics
of the T-37 at minimum flying speeds and will
have you fly some of these to build your proficiency
in the aircraft. These demonstrations wiil help you
recognize attitudes and charactenstics leading to
unsafe flight conditions, During slow-flight
demonstrations, recover at the first indication of
the approach to stall by alleviating the condition
that caused the stall {(decreasing the AQA, lowering
the flaps, or decreasing the bank). However, this
is not the primary method of stall recovery and
is used only to enhance the effectiveness of the
slow-flight demonstiration, If a stall or approach-
to-stall indication occurs at any other time or if
the stall condition is not immediately alleviated,
initiate a notmal stall recovery, Excessively rough
control movement at minimum airspeed, or 4 delay
in initiating recovery action after a stall or an
approach-to-stall indication is recoghized, may
result in an inadvertent spin.

5.7.2.1. Straight and level. To maintain straight-
and-levei flight, pitch attitude must increase to
maintain altitude and power must increase 1o
maintain airspeed.

5.7.2.2. Control effectiveness, The aircraft will
react more slowly to control inpats. Also, it will
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take more displacement of the control surfaces to
achieve the desired aircraft response.

5.7.2.3. Adverse yaw. Additional displacement of
ailerons is required at slow airspeed to achieve the
same aircraft response as normal cruise airspeeds.
This creates more drag and a noticeable yaw away
from wyour direction of turn.’ Use coordinated
rudder to correct adverse yaw.

%5.7.2.4. Turns. The aircraft rate of turn is
determined by the angle of bank and the airspeed.
The slower an aircraft is moving through the air,

the greater the rate of turn for any given angle
of bank.

5.7.2.5. Steep tumns. At minimum flying speed, the
increased wing loading in a steep turn will cause
a stall, This is clearly demonstrated by smoothly
increasing bank while attempting {o maintain
altitade. Recover at the first indication of an
approach 1o stall.

5.7.2.6. Increasing pitch attitude. This demonstra-
tion illustrates again the small margin between siow
flight and stall. Any attempt to increase the pitch
aititude will quickly result in a stall with or without
effective stall warning, depending upon the
abruptness and mapnitude of the pitch change.
From straight-and-level slow {light, raise the nose
slightly without in¢reasing power, Notice how
quickly the airspeed dissipates and stall warning
begins. Lower the nose and regain slow flight
airgpeed at the first indication of the approach to
stall,

5.7.2.7. Raising the flaps. First raise the flaps to
50 percent and maintain aititude. The aircraft will
accelerate as a result of the reduced drag.
Reestablish slow {light airspeed by returning the
flaps full down and adjusting power, if necessary.
Next, fully retract the filaps. To maintain altitude,
the pitch attitude must be increased. As a result
of the lower lifting capability {coefficient of lift)
and low airspeed, the aircraft will stall. Recover
at the first indication of the approach to stall by
lowering the flaps or by a stall recovery.

5.7.2.8. Coordination exercise, Coordinated fiight
duaring slow flight requires proper application of
aileron, elevator, rudder, and power. While
practicing slow flight coordination exercises, use
approximately 15° banked turns, turning approx-
imately 20° to each side of a central reference point.

Section B—Recoveries From Abnormsl Flight

£.8. Recovery Procedures, Throughout your flying
carser, but particularly during pilot training, you
will find that occasionally maneuvers will not go
as planned because of improper flight procedures
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and (or) disorientation. You may atrive at a flight
attitude and airspeed where you could lose aircraft
control unless you initiate proper recovery
procedures. This is especially true when flying
aerobatic maneuvers. The key to recovery is early
recognition of an improperly flown maneuver.
When you recognize a deteriorating situation,
apply the appropriate recovery procedures. Do not
delay the recovery in an attempt to salvage a poorly
fiown mancuver.

5.8.1. Before practicing these recoveries, ensure
your loose equipment is stowed and the boost
pump is operating. H flown in a series, you do
not have to check these items between individual
recoveries.

5.8.2. As your proficiency increases, your [P will
continue to challenge and develop your ability to
recognize recovery situations. When you reach the
aerohatic phase, your IP will intentionally fly some
poorly performed maneuvers requiring applicaticn
of these procedures.

5.9. Recovery From Inverted Flipht. The correct
procedure to recover from inverted flight is to rell
to the level-flight attitude. The technique is the
same as in any roli manzuver. Roll in the shorest
direction to an upright attitnde. When possible,
maintain a fairly constant pitch attitude during
the recovery. If you have low airspeed, let the nose
of the aircraft lower while performing the rollback
to the level-flight attitude. This prevents a stall
and a potential excessive loss of altitude. Your
IP will give you the opportunity to practice this
recovery technique. He or she will fly the aircraft
into an inverted attitude and then let you make
the recovery. This will be practiced at various
airspeeds. The correct recovery techmique is a
coordinated roliback to level flight, not a split-5.

5.10. Nose-Low Recoveries. Many of the maneuv-
ers demonstrated and practiced in flying training
will result in intentional or unintentional nose-low
attitudes. The following information will provide
you with & sound basis for a recovery technique:

%35.10.1. Recover from a nose-low attitude with

smooth back pressure as you roll to a wings-level
artitude. Do nor apply back stick pressure unless
the wings are less than %°* to the horizon, Start
the recovery before the airspeed approaches
the aircraft limitations, Any time you are in a nose-
low recovery situation with airspeed rapidly
increasing, adjust the throttles to idle, extend
the speed brake, and return the aircraft to level
flight. Other situations may occur with low
aitspeed and shallow pitch attitades. In these
instances, you may modify the recovery procedures
to return to level flight with flying airspeed.
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Recavery should not involve the use of maximum
allpwable G-forces unless the altituds available for
recovery is critical. (Severe damage to the aircrafi
may result if design G limits are exceeded.)
Increased wing loading is identified by the
increased sedl pressure presenl whenever back
pressure is applied to the stick. Alrspeed and G
loading may increase during the puliout. Perform
a proper anti-G strawn (paragraph 5.14.1).

5.10.2. Recover from a nose-low attitude smoothly
without excessive airspeed or loss of altitude. All
aircraft are red lined at a definite limiting structural
girspeed (382 koots!.7 Mach for the T-37). This
is normally indicated by a red mark on the face
of the airspeed indicator. When practicing a nose-
low maneuver, do not exceed maximum aliowabie
airspeed (275 knots). Remember, the airspeed does
nat stop increasing as you begin raising the nose.
It may increase until just before level flight is
atained. Should vou exceed limiting structural
airspeed, abort the mission and make an entry in
the AFTO Form 781, This write up will resujt in
an overall inspection of the aircraft’s structure.

5.10.3. There is a potential for excessive altitude
loss in any high speed dive recovery. If the aircraft
has progressed to a very lugh airspeed dive, it s
imperative that idle power and spred brake are
used for recovery. Should airspeed increase 1o a
point where the aircraft exhibits longitudinal
instability, use idle power, speed brake, and back
pressure 1o prevent additional nose-down move-
ments and excessive airspeed. If the eritical Mach
is exceeded, you must decrease airspeed before a
recovery s made.

5.11. Nose-High Recoveries. You will intention-
ally fly the 1-37 through nose-high flight attitudes
many times during aerobatic practice. Oceasion-
ally, because of improper control, you may find
yourself in nase-bigh attitudes with less than
optimum airspeed to continue the mansuver
Unless immediate and proper recovery procedures
are initiated, the aircraft may enter an aggravated
stall which could result in 4 spin.

53.11L.1, The objective of the nose-high recovery 1s
to fly the aircraft to level flight as seon as possible
without stalling. To do this, adjust power to
military and initiate a coordinated roll with back
pressure to bring the nose of the alrcraft down
to the nearest horizon. Depending on the initial

airspeed and aircraft attitude, a winglevel, inverted ©

attitude may be reached. As the nose approaches
the horizon, roll to an upright attitude (figurs 3.4).
Depending on the airspeed, you may need to delay

"
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the rollout until the nese is definitely below the
horizon.

5.11.2. During some nosé-high situations, when
aircraft airspeed is too low or dissipating rapidly,
normal recovery control inputs may not be possible
without approaching or encountecring a stalied
condition. Under these conditions or during
disorienting nose-high siuations, use an unlcaded
tecovery to return the aircraft to level flight. This
1s done by simultaneously advancing the throttles
to military and neutralizing the flight conuals.
After the controls are neutralized, expect airspeed
to dissipate and the nase ta lower as the aireraft
seeks 10 regain flying alrspeed. Initially, aircraft
control authority will be minimal. However, as
airspeed increases during the dive, control inputs
wili become more effective. Allow the nose to lower
until you feel positive pressures on the conirols.
You may need to lower the nose near vertical
during this stage of the recovery. Upan regaining
flying airspeed, recover the aircraft to level flight.
Keep in mind, an unloaded recovery may result
in considerable altitude loss.

5113, Emtially, yaur IP will have you practice
both techmgues for recovery. As you gain
proficiency, he or she will allow vou to decide on
the best technigue for a given situation. At times
you may attempt a nose-high recovery and have
w lransition to the usnloaded technique due to
insufficient airspeed or an approach to stall
indication. However, you should learn to evaluarte
the existing situation and decide on the appropriate
recovery technigue.

5.12. Runaway Trim Demonstration. This dem-
onstration is designed to make vou proficicnt in
recognizing runaway trim condrtions and to
familiarize you with the handling charactenstics
of the aircraft with full trim deflection. Your IP
will have you fly at cruise airspeed in straight-
and-level flight while inducing full aileron trim
deflection, After noting the control pressures
necessary to maintain wings-level flight, slow to
110to 150 knots and compare the contral pressures
at this reduced airspeed. After the aircraft is
retrimmed for straight-and-level flight at cruise
airspeed, repeat the demonstration using full
elevator trim deflection. As your praficiency
increases, your 1P will induce simulated runaway
trim conditions while you are flying at various
attitudes and airspeeds between 100 and 200 knots.
You will be required to recognize the runaway trim
condition, maintain aircrafl control, and take
proper actions. '
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Figure 5.4, Nose-High Recovery.
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Section C==Aerobatics

5.13. Performing Aerobatic Maneuvers. Aero-
batic maneuvers help you develop and perfect your
technique for operating an aircraft 10 obtain
maximum flight performance. These maneuvers
are smoothly executed and explore the emtire
pverformance envelope of the aireraft. You will
learn aerobatic maneuvers to help you develop a
more sensitive feel for the aireraft and to improve
your ability to coordinate the flight controls and
remain oriented, regardless of attitude. You will
also learn to put the aircrafl where you want it
Learning te perform aerobatics skillfully waiil
increase your confidence, familiarize yvou with all
attitudes of flight, and increase vour ability to fly
an aircraft throughoul a wide performance range.
Aerobatics will also teach you to feel at ease when
your body 1s oriented at any angle. You will realize
ithat vou can think, plan, observe, and perform
as easily inverted as upright.

5.13.1. Training emphasis is on smoothness and
proper nose track during the maneuver rather than
on meeting exaci entry parameters. Do your part
to prevent loss of consciousness (LOC) episodes
by avoiding unexpected, rapid, or abrupt control
inputs when you are flying the aircraft.

5.13.2. You should normally use the specified
entry parameters for aerobatic maneuvers, but you
may make small adjustments to entry airspeeds
and power settings when this would enhance energy
planning or expedite the profile flow (1abie 5.1).
Excepiion: Use military power for over-the-top
maneuvers (loops, cuban eights, and Immel-
manans).

5.13.3. Continually strive for precision when flying
these maneuvers. Normally, your left hand is on
the throttles and your right hand is on the control
stick. Avoid the use of 3 two-handed stick
technique to maintain a wings-level attitude.
Conscientious practice of these maneuvers will pay
big dividends in providing knowledge of control
pressures, liming, and planning, all of which are
necessary for precision flying. The minimum
altitude for entry or recovery from asrobatic
manevvers 8 5,000 feet above the terrain.

5.13.4. Before performing these maneuvers, ensure
loose equipment is stowed and the boost pump
is operating. If flown in a series, you do not have
to check these items berween individual maneuvers,
Ensure the area is clear, and amain the entry
airspeed for the maneuver.

£.14. Increased G Manenvering. During asrobatic
flying vou will per{orm maneuvers at different and
ever-changing G levels. This is especially true of
anhy maneuver that stante with exirerme nose-down

k¥

attitude at low awspeed and tramsitions to
inereasing airspeeds and hipher G loads, such as
nose-low recoveries, spin cecoveries, and split-S
maneuvers. To mamtain maximoum alertness and
avoid grayout, blackout, or loss of consciousness
during aerobatic flight, an effective anti-G strain
15 cssential.

w45.14.1. Anti-G Straining Maneuver {AGSM). It

is important to start the AGSM before the onset
of the G forges and maintain the strain throughout
the period of increased G loading, The amount
of strain required will vary with the amount of
applied G force. When encountering high G
situations, all elements of the AGSM are required.
During an AGSM, anticipation of the necessary
strain, full muscle contraction, and consiant
breathing cycles become vital. Lower G situations
will still require ali elements of a full AGEM, but
at a lower leve! of strain intensity. ¥ our instrucior
will provide gunidance on how to properly
accomplish the AGSM and will ensure you can
perform it properly.

#5.14.1.1. Accomplish the AGSM by firmly

contracting muscles of the legs, abdomen, and
chest. As the amount of Gs increases, you will
need to increase the intensity of the strain and
try to exhale through a closed airway. Continue
to strain and simultancously breathe approxi-
mately every 2 to 3 scconds. Think about the
AGSM as a continuum. As the amount of Gs
increases, and you increase the intensity of the
strain, pay careful attention to proper breathing
techniques. It is important not to hold the strain
{00 long without breathing because this will reduce
GG tolerance. If grayout occurs at the onsct of G
forces, application of the AGSM may not eliminate
the grayout, If altitude and (or) airspeed are not
critical, return to one G flight, reapply the anti-
G strain, and then continue maneuvering. Use
caution not to exceed aircraft limits or your
personal G-limit for the particular day.

%5.14.1.2. Remember, while flying aerobatic

maneuvers you will be exposed to different G levels.
By anticipating these Gs early and performing the
AGSM properly, you may avoid grayout, black-
out, and loss of conscionsness.

w142, AGSM Demonstration:
%3.14.2.1. Your IP will perform an AGSM dem-

enstration to allow you to practice your anti-G
strain technique and familiarize you with increased
G flight. The demonstration will consist of a series
of turns, each at a constant G level, with a break
between turns for critique and rest. The mancuver
will be flown at gradually increasing G levels,
starting at two Gs and increasing o four Gs
depending on your proficiency.
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i) TABLE 5.1

SUMMARY OF AIRSPEEDS AND POWER SETTINGS FOR AEROBATICS

1 A B C

T

E

M Maneuver Airspeed (KIAS) Power Serting

t | Split S (see para 3.18) 120 Idle to 90% RPM

2 | Aileron Roll (see para 5.17) 20 %0% RPM

3 | Barrel Roll (see para 5.20]

4 Lary Eight (see para 5.22)

5| Chandelle (see para 5.19) MIL

6 | Cloverleaf (see para 5.21)

7 | Loop (see para 5.16) 250

8§ | Immelmann (see para 5.23}

9 | Cuban Eight (see para 5.24)

W5.14.2.2. Your IP will advise you before maneu-
vering to ensure you are prepared. If at any time
you approach your G tolerance, tell your instruc-
tor. It is important that the demonstration be of
sufficient duration 1o ensure vou can perform the
AGSM properly. The AGSM cycle should last a
minimum of 10 seconds {at least 4 to 5 breathing
cveles).

*5.14.3. G-Awareness Exercise, If an AGSM
demonstration is not done, perform a G-awareness
cxereise before flying any maneuver that may result
in increased Gs, The G-awareness exercise should
be a level or slightly descending turn using military
power. Begin the maneuver with sufficient airspeed
to sustain 4 Gs. G onset should be slow and smooth,
allowing sufficient time to evaluate the effective-
ness of your AGSM and determipe your G
tolerance. Increase Gs to approximately 4 Gs and
maintain for approximately 10 seconds (4 to 3
breathing cycies) in order to aliow full cardiovas-
cular response, I you begin to grayout during the
maneuver, returmn to one G flight, reevajuate vour
strain, and then slowly and smoothly reenter the

- G-awareness exercise,

5.15. Energy Maneuvering. A good knowledge of
energy planning will enhance your ability to use
time, fuel, and an assipned altitude block. Total
energy is a combination of altitnde and airspeed;
one can be traded for the other. To trade altitnde
for airspeed, lower the nose and set military power.
Commonly used references are canopy bow on the
haorizon or mag compass on the horizon. Using
military powet, you will gain approximately 30

knots for every 1,000 feet of altitude. One effective
way to trade airspeed for altitude is to use military
power and approximately 20° nose high with wings
level The ideal encrgy level occurs neat the middle
of the altitude block at 150 to 200 knots. You
can perform any acrobatic maneuver from this
energy level Plan your mancuvers to flow from
one to another. Spins, traffic pattern stalls, the
cloverleaf, split S, nose-low recoveries, excessive
Gs, and steep-banked turns are enmergy-losing
maneuvers. Encrgy-gaining maneuvers include
power-on stalls, the nose-high recovery, stability
demonstration, and chandelle.

5.16. Loop. The loop is a 360° wurn in the vertical
plane (figure 5.5). Since it is executed in a single
plane, the elevator is the basic control. The ailerons
and rudder are uged for coordination and
directional control. The objective of the maneuver
is to maintain a constant nose track.

5.16.1. Toremain oriented, select a road or section
line for a ground reference. Align the aireraft with
the reference, and keep them alipned throughout
the loop. Adjust the throttles to military, and attain
the entry airspeed of 250 knots as you return 10
level flight.

5.16.2. Ipcrease back pressure to pull the nose up
at a constant rate. If you pull up too fast, you
may exceed the critical AQA and stall. If your
initial pullup is too stow, your airspead wiil be
slow over the top and you may stall. Centrifugal
force will cause you to feel a definite seat pressure.
Use this seat pressure {initially about 3 Gs on the
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Figure 5.5. Loop.

accelerometer) to determine the correct rate of
movement of the nose (for example, if there is
very little seat pressure, your pullup is too slow).
Maintain the initial rate of nose movement
throughout the maneuver by adjusting back
pressure. As airspeed is depleted in the pullup, less
back pressure i1s required to maintain a constant
rate of nose movement. Use aileron and rudder
pressure to keep the wings level throughout the
maneuver.

5.16.3. When you can no lonper see the horizon
ahead, look at the wingtips and keep them
equidistant from the horizon. After passing the
vertical flight position, tilt your head back and
watch for the horizon to appear. Use the horizon
to maintain a wings-level attitude. Locate the
reference on the ground that you used to begin
the maneuver.

5.16.4. As the inverted position is attained, release
some back pressure in order to maintain a constant
rate of nose movement. Use aileron pressure as
needed to keep the wings level. As the nose passes
through the horizon and the aircraft reenters a
dive, increase back pressure to return to the level-
flight attitude. Throughout the last half of the
maneuver, use the ground reference to maintain
the desired vertical plane, It is not necessary to
complete the maneuver at entry altitude or
airspeed.

5.17. Aileron Roll. The aileron roll is a coordi-
nated 360° roll done in either direction. Adjust
the throttles to 90 percent rpm, and attain the entry

airspeed of 220 knots. Smoothly raise the nose
to 20° to'30° pitch attitude, relax back pressure,
and initiate the roll by applving aileron and
coordinated rudder pressure. After the aircraft
begins the roll, continue coordinated control
pressure to maintain the desired rate of roll. Make
no attempt to keep the nose on a point. As you
approach the wings-level attitude, gradually release
aileron and rudder pressure to ensure a smooth
coordinated return to wings level.

5.18. Split-5. The split-S demonstrates how much
altitude is lost if recovery from inverted flight is
attempted in this manner. It is basically the same
as the last half of a loop except you are max
performing the aircraft. Clear the area, keeping
in mind that the aircraft climbs during entry and
descends during recovery. From straight-and-level
flight, set power between idle and 90 percent and
simultaneously raise the nose to a 20° to 30° pitch
attitude. When the airspeed approaches 120 knots,
roll the aircraft to the wings-level, inverted attitude.
From this attitude, apply back pressure to bring
the nose through the horizon. Hold maximum back
pressure without stalling the aircraft. The speed
brake is optional throughout the maneuver.
Airspeed and G loading will increase during the
pullout. Remember to perform a proper anti-G
strain. The maneuver is complete when the aircraft
returns to level flight,

5.19. Chandelle. The chandelle is a precision 180°
steep climbing turn with a maximum gain of
altitude (figure 5.6). Use military power for the
maneuver.
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135° of Turn
30° to 45° of Turn Begin Rollout
60° Maximum Bank

Start Turn
HORIZON

Figure 5.6. Chandelle.

5.19.1. Look in the direction of the turn, and clear
while performing the maneuver. Enter the
maneuver with the nose approximately 15° below
the horizon. When the airspeed reaches 220 knots,
blend rudder, aileron, and elevator pressure
simultaneously to begin a climbing turn. Allow
the bank to keep increasing and the nose track
to keep rising at a uniform rate. The nose should
describe a straight line diagonal to the horizon.

5.19.2. The nose of the aircraft should pass
through the horizon between 30° to 45° of turn;
and, at this point, vou should reach a maximum
bank angle of 60°.

5.19.3. Check the amount of turn by using outside
references. Time the bank-and-pitch increase so
that when the aircraft passes through level flight,
your bank is approximately 60°. (Cross-check the
attitude indicator and outside references.) At this
point, the vertical component of lift decreases,
which requires considerably more back pressure
to keep the nose rising at a uniform rate. Continue
to observe the amount of turn by checking outside

references. As soon as the 135" point in the turn
is reached, start the rollout.

5.19.4. Allow the nose to continue to rise at a
uniform rate. Some lift is gained by decreasing
the angle of bank, and some lift is being lost by
decreasing the airspeed. These variables require
constant changes in control pressures to keep the
nose rising at a constant rate.

5.19.5. Continue to observe the amount of turn
remaining before reaching the 180° point by
checking outside references. Time the rollout so
the wings become level and the nose reaches the
highest pitch attitude at the 180° point. Hold this
pitch attitude momentarily. Cross-check outside
references to maintain vour heading. Lower the
nose to level flight for the existing airspeed.
Airspeed should be above a stall and sufficient
to maintain altitude.

5.19.6. If the rate of climb is too fast, the aircraft
will approach a stall before turning 180° and the
maneuver must be discontinued. If the rate of pitch
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change is 100 slow, the 180° point may be reached
before the maximum pitch attitude is attained. If
you plan to pull fast, rell in fast; if you plan to
pull up more siowly, roll in slowly.

5.19.7. One point must be emphasized. When
starting the maneuver, the rate of roll in is faster
than the rate of pullup. The result is a greater
change in bank than in pirch from the beginning
to the completion of the maneuver. The bank wili
increase to 60° and then back to level. The total
pitch change may only be 55 or 60°. The nose
should describe a straight diagonal line to the
horizon from the lowest point at the beginning
of the maneuver to the highest point at the [8D®
position.

5198 The maneuver should be timed so the nose
will not have to be lowersd to prevent a stail before
the wings are leveled. After you level the wings,
complete the maneuver by lowering the nose 1o
leve] flight before a stall accurs.

£.20. Barrel Roll. A barrel rell (figure 5.7y is a
coordinated roll in which the nese of the aircraft
describes a circie around a point on the horizon.
Maintain definite sear pressure throughout the rofl.
Practice the barrel roil in both directions. There

is little or no net loss or gain of altitude from

the maneuver.

$5.20.1. Scleet a referenee point on or near the
horizon—a cloud or a landmark. Attain the entry
airspeed of 220 knots by diving the awrcraft while
clearing. Attain this airspeed with the nose of the
aircraft below the reference point. Use 50 percent
puwer during the maneuver,

5.20.2. Begin a coordinaied turn in ihe oppusite
direction of the desired roll. Keep the aireraft nose
below level flight until it has turmed 20* ta 3°
1o the side of the reference point. Then begin rolling
out of the initial wrn, and allow the nose to nise
so the wings arc level just as the aireraft passes
through a level-flight attitude. At this point,
distance 1o the side of the reference point depends
on the speed of the rollout. This distance from
the reference point should remain the same
throughout the barre] roll.

5.20.3. From leve} flight, conuinue with coordi-
nated stick and rudder pressure, causing the climb
and bank to increase. As the wings reach the
vertical attitude, the aircraft should be at its highest
pitch directly above the reference point. After you
pass this position, relax some of the back pressure,
bui continue the roll by blending in more aileron
pressure, If you hold the same amount of back
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pressure as you did in the first quarter of the roll,
you will put the nose down too fast in relation
to the horizon because gravity is now assisting lift
{downward}. Plan the roll so the wings become
level just as the aireraft reaches the inverted level-
flight attitude. The aiteraft nose track should now
be the same distance on the apposite side of the
reference point as it was at the beginning of the
maneuver, The aircraft nose should have described
a semicircle about the reference point. As the
aireraft passes this position, continue the roll and
begin applying incrcased elevator pressure.

5.20.4, As the wings again reach the vertical
attitude at the bottem of the maneuver, the nase
track showld continue to be an arc of a circle with
the reference point at its center. In this last quarter
of the rall, you must hegin to blend in more elevator
and maintain coordinated control pressures to
continue the roll so the nose track completes the
cirele around the reference point while positive seat
pressures are held throughout the roll. The reason
for blending in additional aileron pressure at the
highest point of the roll is to maintain a constant
rate of roil, Since the nose is nsing continuously
up 1o this point and 1he alrspeed Is decreasing,
the aileron deflection is less effective than it was
at the beginning of the maneuver. This means the
rate of roll will slow down unless maore aileron
surface is presented to the relative wind. The rate
of roll is held constant by the added aleren
pressure.

520.5. These contral effects apply to any rolling
aerobatic maneuver, although they may be
modified. It is the ailerons that roll the aircraft,
and vou sheuld maintain a constant tate of rall
throughout the maneuver. Do not over control
with the rudder; use it only to maintain coordi-
nation. Throughout the maneuver, maintain
coordinated flight and definite seat pressures.

5.21. Cloverleaf. The cloverieaf is composed of
four ideniical maneuvers, cach begun 90° from the
preceding one {figure 5.8). The top part of this
maneuver is similar 1o the recovery fTom vertical
flight. The lower patrt resembles a leop, This
maneuver will help develop yaur timing, planning.
and courdination, using outside reference.

5.21.1. Perform the cloverleal smoothly, without
rapid rates of roll or excessive G forces, If possible,
choose an area with section lines for easy reference.
To begin the cloverleaf, adjust the throtles to
military and attain the entry airspeed of 220 knots
as the aircraft reaches level fhight. The initial part
of the maneuver is a straight puliup similar to a
loop except for airspeed and lower G loading.
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Step 1. Dive with nose
below the |
reference paint

Step 2. Wings are level just
as the aircraft passes
through level=flight
attitude to the side
of the reference point

Step 3. Pull and rol!
until directly
above the point

Step 4. Continue roll along
circular path until
inverted levels
flight attitude

Step 5. Be the same distance
below the point as
you were to the side
of It

Step 6. Finish the roll at the
same position as In
Step 2

Figure 5.7. Left Seat View of Left Barrel Roll Around a Cloud.
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Figure 5.8. Cloverleaf.

5.21.2. Pick vour reference point 90° from the
nose. Start a climb and keep checking this point
as you progress through the climb. As the aircraft
reaches 45° of pitch, begin a coordinated roll
toward the 90° reference point. Allow the nose
to continue climbing during the roll so the
maneuver 1§ fairly slow and lazy. Your first
objective is to climb and roll so the nose passes
through the reference point with the aircraft at
wings level, inverted, and at a relatively low
airspeed. (Don™t stare at the airspeed indicator,
but check it as you pass through your selected
point.)

5.21.3. As the aircraft is brought through the %0°
point, keep the wings level and pull through the
bottom of the maneuver. Plan the pull to reach
level flight with 220 knots. To avoid excessive Gs
at the bottom of the pull, apply more back pressure
as soon as the nose track descends below the
horizon and hold sufficient back pressure to keep
the airspeed from building up too quickly during
the initial part of the pullout. You may have to
release some back pressure in order to reach entry
airspeed. If you let the airspeed build up too fast,
vou will probably exceed 220 knots and find
vourself pulling high G forces in the pullout. Use

increased back pressure early; do it smoothly and
avoid the buffet range. Buffet will not hurt the
aircraft, but it is poor technigue.

5.21.4. Having completed one quarter of the
maneuver, again select a point 90° from the noss
and repeat the maneuver just described. Four
complete loops in the same direction make the
cloverleaf.

5.22. Lazy Eight. A lazy eight is basically a
coordination exercise. It is a slow, lazy maneuver
where the nose track of the aircraft describes a
figure eight lying on its side at the horizon. The
horizon line bisects this figure eight lengthwise.
The maneuver includes a 180° change of direction
and reversal, and it requires a continuous change
of pitch and bank (figure 5.9).

5.22.1. To execute the lazy eight, you must use
constantly changing control pressure. This is due
to the changing bank, pitch attitudes, and
airspeeds. As an aid to making symmetrical loops,
you should select a prominent point on the horizon
or a ground reference such as a section line or
road from which vou can mentally project an
imaginary intersection at the horizon. The more
references you use, the easier it is to perform good
lazy eights and remain oriented in the area.
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i\ 80°to 90° bank

Maximum
pitch at

45° point

: P

Level flight at
entry airspeed
Y

[ R LB B T P R, N ey e penp———— Y

220 knots

-

When straight and level
student sees point off wing

Figure 5.9, Lazy Eight.

5.22.2. Look in the direction of the turn, and clear
while performing the maneuver. In straight-and-
level flight with 220 knots airspeed and 90 percent
rpm, select the desired reference point on the
horizon. Align the aircraft so the reference point
15 directly off a wingtip. Blend aileron, rudder, and
elevator pressures simultaneously to start a gradual
climbing turn in the direction of the reference point.

5.22.3. The initial bank is very shallow to prevent
turning too fast. As the nose is raised, the airspeed
decreases, causing the rate of turn to inerease. Also,
as the bank is increased, the rate of turn will

increase. Time the turn and pullup so the nose
reaches the highest pitch attitude when the aircraft
has turned 45° or halfway to the reference point.
Use outside references and the attitude indicator
to cross-check these pitch-and-bank attitudes.

5.22.4. Do not hold the nose in this attitude, but
lower it slowly to the horizon and toward the
reference point. Continue to increase vour bank
to attain 80° to 90° as the nose reaches the horizon.
Cross-check outside references and the attitude
indicator for bank. The level-flight pitch reference
point should reach the horizon at the 90° point.
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Keep a check on the progress of the turn by
checking outside references.

5.22.5. The lowest airspeed is encountered just as
the nose rcaches the horizon (approxumately 100
knots below entry airspeed). Do not stop Lhe nose
at the horizon, but fly the aircrafi into a descending
1urn so the nose track describes the sate size loop
helow the horizon as it did ahove the horizon.
When the nose track passes through the horizon,
begin to decrease the bank gradually, When the
aircraft has turned 1353°, the nose should have
reached its lowest attitude. The bank should
diminish during the descending turn at about the
same rate as 1t increased in the clinmbing turn.,

3.22.6. At the 135° point, there is 45° of turn
remaining before the aircraft reaches a level-flight
attitude. Cantinue blending sufficient stick and
rudder pressure to simultancounsly raise the nose
and level the wings. Monitor the progress of the
warn by checking your outside reference point, Plan
10 arrive at the 180° point in level flight with entry
airspeed. The wings should become level as the
aircraft reaches the level-flight attitude at the 1807
pelnt,

NOTE: The bepinning and ending of the maneuver
are the only times the wings are in level-flight
attitude.

5.22.7. Having completed hallf the eight, the
oppusile wing 15 now toward the reference point
and the nose at the 180° point, with emry airspeed.
Do not hesitate in straight-and-level flight, hut
begin another climhing turn in the direction of
the reference point. This turn Is opposite to the
one used at the start of the maneuver. Fly the
second 180° turn like the first.

3.22.8. Complete the maneuver with the aircrafi
headed in the original directior. Complate the
MANCUVer In a stow, smooth, lazy manner without
hesitatiocn and wilth consiantly changing centrol
pressures and flight attitudes. Try to use ousside
references to fly a precise nose track that results
in a symmetrical maneuver.

5.23. Immelmann. The Immelmann is 3 half loop
followed by a half roll, all flown in the same vertical
plane. To begin the Immelmann, adjust the
throttles ta military and selsct a ground reference,
as explained in paragraph 5.10.1 for the loop.

5.23.1, Enter a dive 1o gain airspeed. Then pull
up to level flight with the entry airspeed of 250
knots. Continuc the movement of the nose by
increasing back pressure. Maintain 2 constant rate
of movement of the nose throughout the pullup
{initiallty about 3 Gs on the accelerometer).
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Majntain wings level with coordinated flight
coatrols,

5.23.2. As the alrcraft reaches a point approxi-
mately 20° above the horizon inveried, apply
aileron in either direction to initiate a roll 1o level
flight. Through the first portion of the roll, rudder
should be opposite to applied aileron pressure.
Rudder will be reversed and coordinated in the
same direction as applied aileron in the last portion
of the rolk.

5.23.3. During the first half of the roll, relax some
back pressure to keep the nose track in the same
vertical plane. Increase this back pressure apain
as the level-flight atitude is approached because
the nose will want tc drop as the airspeed decreases.
Increase the blended rudder pressure during the
last part of the rollout 1o held the nose in the
vertical plane. The maneuver is complete after a
momentary pause in level flight following the
rallout.

5.24. Cuban Eight. Fach half of this maneuver is
a slightly modified combination of the loop and
the lmmelmann. 1t is approximately the first thees <
gquartess of a loop followed by a half roll. It is
then repeated in the opposite darection (figure
5.10L

5.24.1. Adjust the throttles to military, and begin
the maneuver by making a normal loop entry al
250 knots, Proceed over the top. After passing
through inverted level flight, relax back pressure
approaching 45° below the horizon and execute
a half roll in either direction. Use rudder pressure
as in the Immelmann 1o hold the aircraft on the
desired heading. Release the elevater pressure 10
keep the nose track in the satme vertical plane.

5.24.2. After completing the half roll, plan your
pullup to attain 250 knots when passing throungh
leve] flight. Continue the pullup into another loop
entry. The second half of the cuban eight is identical
to the first except the roll is in the opposite
direction. The mapeuver 15 complete when you
attain level flight at entry airspeed,

Section D—Spins

5.25. Spin Training. A spin is an apgravated stall
resulting in autorotation. The aircraft describes a
corkscrew path in a downward direction. Although
both wings are stalled, one wing has more lift than
the other. Gravity forees the aireraft down, rolling
and yawing in a spiral path. Spin training will
increase your confidence in the aircraft and
imprave your ability to orient yaursell in any
attitude.
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250 Knots

Entry 250 Knots Level Flight

Figure 5.10. Cuban Eight.

-

5.25.1. Two coudilions are necessary for the
awrcrafl to spin, stall and yaw. Therefore, any time
the aircraft is stalled, one of the conditions
necessary for a spin exists. If rudder is displaced
frem neutral duting a stall, rotation will result.
An impartant thing to remerber throughout your
training 1s, if controls are held newiral and the
arcraft i not allowed to stall, it will not enter
a spin or aggravaied condition regardless of
airspeed.

5.252 The aircraft gives sufficient warning, It is
very casy 1o recognize a stall and ap approach
to & spin. Your IP will emphasize the conditions
that could result in a spin and give you concen-
irated practice in spin prevention.

3.25.3. To aveid inadvertent engine shutdown
while performing a spin recovery or spin prevenlion
from an intentional or uninlentional spin, remove
your hand from the throttles afier the power has
been checked in idle. You may resume control of
the throttles after the spinning stops and the dive
recovery has been initiated.

5.26. Stability Demonstration. This maneuver
demonstrates that the aircraft will not enter a spin
except {rom an aggravated stall. The first
requirement for an aircraft to spin is a stall. As
long as the aircraft is not allowed to stall, it will
not enter a spin. Perform the prestall checks, adust
throttles to 90 percent, and clear the area. Raise
the nose to a 70° pitch attitude. Your insiructor
will point out the references used to maintain this
attitude. Control the direction of flight with the

rudder, and keep the wings level with ailerons,
Hold this attitude constant until flying airspeed
is depleted (below 50 knots), Initate the recovery
by neutralizing all controls. Allow the nose to lower
until you feel positive pressures on the controls.
This indicates the aircraft is regaining flving
alrspeed. Recover ta level flight without stalling
the aircraft, The maneuver is complete when you
have teturned 1o level flighi.

5,27, Intentional Spic Entry:

5.27.1. Before entering any intentional spin, do the
prespin checks and adhere 1o the spin restrictions
in AETCR 355-37. Use power as required during
the initial part of the pullup for spin entry.
However, if any power setting above idle is used
during the pullup, retard the power to idlie before
or at the first stall indication. Establish a nose-
kigh pitch attitude of 15° 1o 50°, When more than
30° of pitch is used, establish a 20° to 30° bank
1 the direction of the spin before the stall ocours.

5.27.2. At the first stall indication, slowly and
smoothly apply back stick and rudder in the desired
directicn of the spin. When the aircraft begins to
stall, move the stick at a rate that will maintain
a constant pitch attitude until the stick 1s all the
way back. Apply rudder at a rate 5o full rudder
occurs simuitancously with full back stick. Make
sure you use {ull travel of the stick and rudder
and hold the controls firmly against the stops with
ailerons neutral.
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$.27.3. As the aircraft becomes fully stalled, a
variety of pitch oscillations may occur depending
on pitch attitude, direction, and fuel weight at
eniry. As the aircraft progresses into a fully
developed spin, these pitch oscillations dampen
out. There is not a definite number of turns, pitch
attitude, rate of rotation, or airspeed thai can be
used to describe a fully developed spin in all cases.
You will learn to recognize a fully developed spin
thvough demonsiration, practice, and knowledge
of spins. Normally, the following guides will help
you recognize a fully developed spin: the nuse
remains below the horizon, but not necessarily at
a constant pitch attitude; the rate of rotation is
alnost constant; and the airspeed oscillates slightly
(usually below 50 knots).

5.27.4, From a fullv developed spin, the aircraft
will progress into a stabilized spin if the controls
are held against the stops. There is not & definite
number of turns, piteh attitude, or airspeed to
describe a stabilized spin. A stahilized spin is
normally characterized by a steady amspeed,
contant rate of rotation, and constant pitch attitude
(approximately 40° 10 45° nose low), The altiwude
loss is approximately 550 feet per turn in a
stabilized spin, and the duration of one turn is
approximately 3 seconds.

£,28. Normal Spin Recovery:

§.28.1. Enter an intentional spin. As soon as the
aircraft has progressed into a fully developed spin,
proceed with the spin recovery procedures. (Do
not wait for the spin to stabilize; this only resunlts
in excessive loss of alutude.)

5.28.2. Physically recheck that the throttles are in
idle, rudder and ailerons are neutral, and stick is
full aft.

5.28.3. Determine the direction of rotation, nsing
the turn needle and outside retersnces. Immediately
after determining the direction of rotation,
abruptly apply full rudder opposite the direction
of the spin (opposite the turn needle} and held.
Do not wait for prominent landmarks before
applying recovery rudder.

5.28.4, One turn after applying recovery rudder,
abruptly move the stick full forward. As the nose
pitches down near the vertical, neutralize the
glevator while continuing 10 hold rudder until
spinning has stopped. Do not allow the stick to
move aft of neutral until recovery is effected. After
the rotation is definitely stopped, neutralize the
rudder and recover from the ensuing dive,

5.28.5. Do not bounce the stick off the forward
stop or ease the stick forward, assuming the aircraft
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will recover. The primary objective is a pasitive
recpvery, not a smooth one.

5.20. Spin Prevention. The spin prevention Is
similar to a power-on siall recovery except the
aircraft has started to rotate. This maneuver is
designed to teach you to recognize and recover
from a developing spin condition. Also, it will show
you what may occur when stall recovery or spin
prevention procedures are delayed. Your IF will
have you initiate spin preveniion procedures at
varying degrees of rotation, but before
stabilization,

5.29.1, Pedorm an intentional spin entry. Before
stabilization, initiaie the spim prevention by
simultaneously using stick forces as necessary to
break the stzll, applying rudder as necessary to
eliminate the vaw, and physically checking the
throttles in idle. Use ailerons to stop the roll only
after the stall is broken, and then return the aireraft
to level {flight, :

5.29.2. The degree of control deflection necessary
to prevent the spin depends on how {ar the spin
has developed. In some cases, full control
deflection may be required. Do not use abrupt
coniral movements, bat use the controls positively.
As the controls are applied, the rate of rotation
may increase until the controls becume eifective.
Applying stick forces as necessary 1o eliminate all
stall indications is imperative because any degree
of stall will reduce the possibility of & successful
spin prevention. If full prevention controls {rudder
and elevator) are applied, the nose remains below
the horizon, and the rotation stabihizes at an
increased rate, the spin has developed too [ar for
spin-prevention procedures to be effective.
Consequently, a spin recovery will be necessary.
Spin-prevention procedures are most effective
when emploved at the early stages of spin
development. Stall and vaw conditions are easily
controlled, rotation is slow, and the recovery 13
almast instantaneous. However, aircrafi response
to spin-prevention control inputs becomes slower
as the spin necars full development. When this
happens, increased time is necessary for the
controls to become effective, rotation is more
pronounced, and the nose may lower to the vertical
attitude. At this point, a successful recovery 1s
usually imminent. However, if the rotation
stabilizes at an increased rate, the spin has
developed too far for an effective spin prevention.

5,30, Inadvertent Spins. It is important to rcalize
that inadvertent spin entries are often more
disoricnting and oscillatory than planned entries.
Also, the parameters in paragraphs 5.27.3 and
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3.27.4 for rotation rates, descent rates, and pitch
attitudes apply only to stabilized normal erect
spins. Depending on control position, inadvertent
spins may be accelerated and these parameters can
vary. However, the spin prevention and spin
recovery procedures are extremely reliable. Spin
prevention will fail only if the spin is excessively
accelerated due to control position and delayed
initiation or due to slow control applications. The
spin recovery procedure will always be effective
if you perform it properly,

5.30.1. If you suspeet an inadvertent spin,
immediately employ the spin prevention. Control
pressures may differ from those experienced during
practice spin preventicns because of the position
of elevator trim or aireraft configuration. There-
fore, be sure to use sufficient deflection to break
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the stall, control the yaw, and stop the roll
Inadvertent spin entrics can result in severe pilot
disorientation. In these situations, spin recovery
procedures should be immediately employed.
Under these conditions, using spin-recovery
procedures will ensure a positive recovery and be
more effective than a spin prevention.

5.30.2, If a landing configuration spin is inadvert-
ently entered, immediately apply spin-prevention
procedures. If full prevention controls (rudder and
elevator) have been applied, the nose remains
below the horizon, and the rotation stabilizes at
an icreased rate, then execute the spin recovery.
Gear and flaps should be retracted as soon as
possible after rotation stops to prevent excessive
structural loads,
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TRAFFIC PATTERN AND LANDING

6.1. General Guidelines. You will do most of your
flying in the T-37 at the home base and auxiliary
ficld. Due to the number of aircraft operating at
these locations, every pilot must conform to
established procedures and a standardized traific
pattern. The runway is the primary reference in
the traffic pattern. Your IP will provide ground
references at these fields to fly the patterns for
existing conditions, You should learn how to adjust
for winds and how to determine universal
references that will work at any field. Use these
references as aids in developing the judgment
required to accurately estimate distances and ghde
path. The radio calls in this chapter are standard
calls in the UPT environment. When not flying
in this environment, use local procedures or
standard Air Force terminology, as appropriate.

6.2. Letdown. The letdown is primarily used to
descend to traffic pattern altitude. Plan the letdown
to enter the twaffic pattern or to comply with
approach directives. To begin a letdown, simul-
taneously lower the nose and adjust the power as
necessary. The speed brake is optional. The
airspeed in the letdown is mermally 200 to 250
knots or as directed by approach control {within
safe limits). This zllows you to concentrate on the
outside references and clearing during the descent,
An excellent technique to aid clearing during a
VYMC letdown is to nse clearing turns. This also
helps control descent rates, Your IP will demon-
strate the proper letdown technigues. A geod lead
point will allow you to accomplish a smoath level
off at the desired aititude. One technique for
determining a lead point is to use approximately
10 percent of the VVI. As you approach the level
off altitude, gradually bring the nose of the aircraft
to the level-flight attitude, trim the aircraft, and
adjust the power and speed brake as necessary.

6.3. Standard Overhead Pattern. The 360°
standard overhead pattern is used to safely and
properiy handle a maximum number of aircraft
with minimum congestion (figure 6.1). The pattern
should be adjusted for existing wind conditions.

6.3.1. Before Traific Entry. Before entering the
traffic pattern, determine the landing direction by
monitoring the appropriate radio frequency and
watching other aircraft. If you are not sure of the
direction of traffic, obtain !anding instructions
from the RS, tower, or other controlling agencies.
When the RSU or tower broadcasts runway winds,

keep this information in mind. This information
directly affects how you fly the traffic pattern.
Local regulations define the traffic pattern entry
procedures. You must adequately clear while
descending to enter traffic.

6.3.2, Initial Approach. When turning onto initial,
plan the rellout so your ground track is aligned
with the runway center line or as directed. Altitude
is normally 1,000 feet above the terrain and
airspeed is 200 knots. Call initial 10 the controlling
agency a5 directed, and state vour fuel remaining
if you plan a full stop. Also call no flap or zera
flap if practicing these types of landing. The break
is normally performed between approach end and
3,000 feet down the runway. The exact point of
the break is affected by exisiing wind conditions
and traffic saturation. When a T-37 on a straight-
in approach is betiveen 5 and 2 miles, do not initiate
the break unless the controller allows you to do
so because the two aireraft would be a conflict
on final. To accomplish the break, smoothly roll
into 2 bank of approximately 60°. The angle of
bank and amount of back pressure will vary
aceording to wind conditions. Adyust the throttles
as required to slow the aircraft to 120 to 150 KIAS,
Continue the level turn and rollout on the
downwind with the necessary drift correction to
maintain a flight path parallel to the runway.
During normal overhead patterns the speed brake
is lowered when rolling out on the inside
downwind. However, strong headwinds or spacing
requirements may require speed brake extension
in the break.

6.3.3, Downwind Lep. As vou roll out on the
downwind, extend the speed brake. When the
airspeed is 150 knots or below, lower the landing
gear and make all geardown checks. Use power
as necessary 10 maintain airspeed and altitude. The
minimum airspeed on the downwind leg is 120
knots, As airspeed decreases to 120 knots, vou will
have to retrim the aircraft and increase the pitch
attitude to maintain level flight (horizon linc
approximately 14 up the wind screen). With the
speed brake and pear extended, approximately 82
percent rpm on both engines will maintain 120
knots.

6.3.3.1. After the gear is lowered and checked
down and airspeed is 135 knots or below, place
the wing flap lever in the down position before
you begin the final turn. Check the indicator to
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ensure the flaps have started to lower. Fly normal
patterns using full flaps.

6.3.3.2. Do notstarn the final turn in the foliowing
cases: (1) if there is another aircraft in the final
turn and not in sight, {2) if there is a straight-
in inside of 2 miies and not in sight, or {3) if you
canncl maintain neormal pattern size and safe
spacing. If you do not have the aircraft in front
of you in sight, break out from the downwind leg
using local procedures.

6.3.4. Final Turn. The final turn begins as you
initiate the turn from the downwind leg, The turn
is complete when the wings are level on final
approach. Plan the final turn ¢o roliout on final
approach with a 4° glide path. This squates to
approximately 300 fect above the terrain at 3§ mile
from the approach end of the runway. The rollout
on final can vary between 14 to 3 mile from the
runway. Adjust the altitude lost during the final
turn to establish a good glide path.

6.3.4.1. Adjust the turn point for the existing wing
condition. If a strong taitwind exists on downwind,
remember this will blow the aircralt from the
approach end and a long final will result if the
turn is started at the normal position. Before
beginning the final turn, it will be helpful 1o pick
a specific rollout pomnt on the ground. Begin your
turn to final to arrive wings level on final over
this point.

6.3.4.2. Starting the final turn, simultaneousiy
lower the nase of the aircraft and roll into
approximately 30° of bank. When the bank and
pitch are se1, the horizon shouid be in the upper
one-third of the windscreen.

W6.3.4.3. After starting the final tumn, slow to 110
knots and trim the aircraft. Make a gear down
call 1o the controlling agency as soon as safely
possible after confirming vour cenfiguration.

6.34.4, In the final twurn, divide your attention
between the airspeed indicator, rollout point, and
runway, Visualize and project your descent angle
around the final turn, over the rollout point, and
down the final approach. The descent angle,
projected to the ground, will be to a point just
short of the intended touchdown point. Because
of crosswinds, it may be necessary to vary bank
angle in the final turn. You may increase the bank
up to 43°, but remember that the stall speed of
the aircraft will increase. If you have any doubt
about the safety of continuing the approach, go
arcung.
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¢.3.5. Final Approach. The final approach begins
when the wings are level after the final wurn. On
final approach, slow to and maintain 100 knots
and trim. Check your spacing with the aireraft
ahead of you on final approach. If it appears you
will not be able to land with proper spacing,
anticipate the need to go around and make a timely
decision.

6.3.5.1. After rolling out on final and aligned with
the runway, you have two objectives. The first is
to maintain runway alignment; the other 15 to
mainiain a smoeoth, constant glide path to round
out and touch down,

6.3.52. The pitch attitude on final approach is
slightly shallower than the pitch attitude in the
final tern. Consegqueatly, you must raise the nose
of the aircraft to establish the correct glide path.
A good final approach pitch reference is the runway
threshold halfway up the windscreen. Plan to
maintain a minimum of 50 percent rpm on final.

6.3.5.3, On final approach, as in the final tarn,
the aircrafi is affected by wind, bul the flight path
must ¢oincide with the desired ground irack.
Because thete is almost always a wind condition
that is less than optimum {hlowing straight down
the runway), you may need special techniques to
maintain runway alignment, There are two ways
to do this, the wing-low method and the crab
method. In the T-37, use the ¢rab method as you
rol! cut on final. Then transitien to the wing-low
method. The normal inclination is to automatically
roll out of the final turn with a crab into the wind
{figure 6.2).

6.3.5.4. Rolling out on final with a crab into the
wind indicates how much control deflection is
necded for transition to the wing-low method. Set

FORWARD REFERENCE 'DOT”-
ON CANORY .

Figure 6.2. Crab Into the Wind.
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up the wing-low crosswind approach shown in
figure 6.3, (The T-37 landing gear struts are oot
stressed to continuzally withstand the side loads
imposed by a crab landing.)

£.3.5.5. The proper method for using crosswind
controls is to apply sufficient rudder deflection to
align the longitudinal axis of the aircraft with the
runway. Use aileron as necessary to keep the flight
path aligned with the runway. Maintain airspesd
by increasing the power to compensate for the
increased drag caused by crosswind controls.

6.3.5.6. The second and most difficult objective
is visualizing a constant glide path to the roundout
and touchdown position. In the normal ianding
configuration (full flaps), the T-37 flight atutude
is such that the aireraft is aimed (putting the level
flight harizon reference) at a position (aim point)
short of the intended touchdown point (figure 6.4).
You should aim short of the intended touchdown
point because of the delay during the roundout.
Plan to touch down within the first 1,000 feet of
the runway. This does not mean that routinely
landing n the first few feet or 1000 feet down
ihe runway is accepiable. Your main objective is
10 strive for a touchdown with the proper landing
attitude at a point on the runway that provides
an adequate safety margin against landing short,
yet allows the aircraft to easily stop within the
available runway. In determining your aim point,
consider all factors such as wind, runway length,
aircraft weight, flap setting, etc.

6.3.5.7. Frequenily check the airspeed on final
approach. Because the T-37 engines accelerate

FORWARD REFERENCE -
‘DOT'OM CANOPY -
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slowly, plan the pattern to maintain a minimum
of 50 percent rpm on final until the landing is
ensured.

6.3.5.8. If you land in a gusty wind condition, use
half flaps and increase final approach airspeed to
110 knots. Half flaps provide better control. The
aircraft may float farther than normal before
touchdown because of the confipuration and extra
airspeed.

6.3.59. There are several differences between a
heavyweight and lightweight aircraft during final
approach. Although minimum airspeeds remain
the same, Iift requirements change with differcnees
in aircraft gross weights (fuel on board). A
heavyweight aircraft has a higher it requirement
and will develop a sink rate quicker than a lighter
aircraft. This sink rate can only be stopped with
combined corrections of pitch and power. At
heavier weights, the added lift requirement
increases the amount of time between power
application and the effect of this power application
in stopping the sink rate. In addition, the higher
stall speed will decrease the time lapse between
a pitch increase and the actval stall. In the T-37,
stopping a sink rate is a problem due to slow engine
acceleration. During a no flap, the power sethng
will he lower than during a normal pattern due
to the decrease in drag devices. This is important
because when the power is back, it takes longer
for the engines (o accelerate when the throttic is
moved forward. Adhere to minimum airspeeds,
plan the pattern 1o avoid high sink rates, and
recognize extra time is required to stop a sink rate
as 1t devefops on final.

 FORWARD REFERENCE
DOT'ON CANOPY

Figure 6.3. Wing-Low Crosswind Approsch.

Figure 6.4. Aiming Short of Touchdown Peint.
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6.4. Normal Landings. S0 you can better under-
stand the factors affecting your judgment and pilot
technique, the landing is divided into three phases;
roundout, touchdewn, and landing roll.

6.4.1. Roundout. During the roundout, decrease
the rate of descent as vou approach touchdown.,
Smoothly continue back pressure 1o increase the
pitch attitude until the proper landing attitude is
reached,. When making a roundout, you are
decreasing the airspeed so the aircraft will settle
genily onto the runway. Retard the throttles to
the idle position at or before touchdown.

6.4.1.1. Different rates of descent will cause the
height of the roundout to vary. Execute a high
roundout more siowly than a lower roundowt to
allow for greater loss of aldtude. Make the
roundout proportionate to the apparent rate of
descent. Your IF will show you the height to start
a roundout with different rates of descent.

6.4,1.2. Throughout the roundout, be aware of the
effects of crosswinds. If erosswinds exist, you must
use erosswind controls throughout the roundout,
As the airspeed decreases to just abave the stall,
you may need additional aileron and rudder
deflection, If the control surfaces are deflected out
of their normal streamlined position, they will add
drag, airspeed will dissipate much faster, and stali
speed will increase. Use cavtion during gusty wind
conditions for rapidly changing wind direction and
velocity, Timely control inpuis are needed 1o
maintain directional control.

£.4.1.3. Power can be used effectively during the
roundout to compensate for errors in judgment.
Any tlime the controls feel mushy or you feel
approach-to-stall indications vou learned from
traffic pattern stall training, apply power and
excente a go-around. This will cushion any ensving
touchdown. If it appears that you are going to
land excessively long, dv not hesitale 10 go around.

6.4.2. Touchdown. The touchdown is the gentle
settling of the aircraft onto the runway in the
landing attitude. Cantinue to hold any crosswind
control deflection used dunng the roundout. If you
do not, the aircrafl will crab into the wind and
you will touch down in a crab. When using
crosswind controls, expect one main gear to touch
down before the other. If crosswinds are not
significant, maimtain the landing attitude after
touchdown. This will require increasing backstick
pressure as airspeed dissipates. Leave flaps down
and speed brake and thrust attenuators extended
to take advantage of increased drag and reduced
thrizst, Lower the nose wheel to the runway wiile
there s still sufficient elevator control and before
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reaching minimum nese wheel touchdown speed.
Aveid lowering the nose wheel abruptdy. If the
nose wheel contacts the runway on touchdowm,
leave it there. Attempts to lift it off at high speeds
may cause the aircraft to become airborne with
adangerously high AQA, If power was used during
the Toundout to decrease the rate of descent or
prevent & stall, retard the throttle to idie upen
touchdown so the aircraft will stay on the ground.

6.4.3. Landing Roll. After the nose¢ wheel 15 on
the runway, retract the speed brake unless
maximum braking is desired. Initially, directional
control is maintained with radder and (or) brakes.

6.4.3.1. Normally, aveid nose wheel stesring until
the aircraft has siowed to normal taxi spred. When
you engage the nose wheel steering, center the
rudder pedals before depressing the nose wheel
steering button. At high airspeeds, nose wheel
steenng s extremely sensitive and easily over
controlled. Before reaching taxi speed, you should
use nose wheel steering only if you are unable 10
maintain directional control with the rudder and
brakes on the landing roli. If you encounter nose
wheel shimmy during the laading roll, continue
1o apply forward stick pressure to place more
weight on the nose gear.

6.4.3.2. Familiarize yourself with the factors that
influence the controllability of the awrcraft after
the landing. Some of these fuctors are the center
of gravity, strong crosswinds, a low strur, and 4
slippery runway. As you slow down, your flight
contrals lose their effectiveness, thus increasing the
effect of the crosswind. The T-37 has more surface
area behing the main landing gear than i front.
After the aircraft is on the ground, the main landing
gear is the fulerum point, and the impact of the
crosswind on the side arca will cause the airplane
10 act as a weather vane and turn into the wind.
You can see how immportant it 1s to use rudder
and (or) brakes 10 maintain directional conirol
during the landing roll.

6.4.3.3. You must also usc ailcron to prevent the
crosswind from lifting the upwind wing. If you
use oo much aileren, the other wing will start
to rise;but ar the time rudder effectiveness is lost,
full aileron deflection may be necessary.

6.4.34. During any ground roll, you can change
dizection by applying pressure on a single brake
or uneven pressures on both brakes, You must
use caution when applying the brakes to avoid over
controlling. To use the brakes, slide your feet up
an the rudder pedals so toe pressure can be applied
to the top of the pedals. I rudder pressure is heing
held at the time the brakes are needed, try to hold
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the rudder pedals in position as you slide your
feet up. The brakes work independently of rudder
pedal position. For instance, it is quite possible
to hold right rudder and left brake, although such
a requirement is noi iikely,

6.4.3.5. Later in the landing roll, use the brakes
1o slow the aircraft. Apply smooth and continuous
pressure until the aircraft slows to taxi speed. De
not brake to & near halt and then taxi with power
for the remainder of the landing roll, Nose wheel
steering is not normally necessary until the aireraft
has slowed to normal taxi speed. Center the rudder
pedals before depressing the nose-wheel steering
button.

6.4.3.6. Atithe end of the landing roll, clear behind
you and turn off the taxiway. It is permissible to
raise the speed brake during the rollout, but do
not complete any other checklist items until you
are clear of the runway. Concenirate on maintain-
ing directional control and slowing the aircraft to
a safe taxi speed. While 1axiing to the parking
area, you may shut down the ramp-side engine.
When an engine is shut down, check the hydraulic
pressure. If hydraulic pressure is lost, stop the
aircraft on the taxiway, shut the other engine down,
and have the gear safety pins installed before the
aircralt is towed to the parking areas.

6.5. Touch-and-Go Landings. For touch-and-go
landings, simultancously retract the speed brake
and smoothly apply power as soon as the main
gear touches down. Hold the nose wheel off as
long as airspeed does not decrease below nose-
wheel touchdown speed. Maintain directional
contral with rudders. Lower the nose slightly from
the landing attitude to the takeoff aftitude as the
throttles are advanced. Coordinate pitch and
power so the aircraft will not become airborne
prematurely with too low an airspeed. After
becoming safely airborne, perform the after-
takeoff checklist,

6351 If it appears you are going to land long,
advance the power and go around. Because the
T-37 accelerates slowly, the aircraft may continue
to sgitle and touch down. In this svent, do not
try ta hold the aireraft off the runway in a nose-
high attitude. Maintain a landing attitude, and
aliow & normal touchdown.

6.5.2. If you have trimmed the elevator properly
on final approach, the back trim will tend to fly
the aircraft off as flying speed is attained. You
may have to use forward stick pressure to
compensate for the tendency of the nose to pitch
up, but the force is not strong. Do not retrim the
elevator duning the ground roli.
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6.6. Single-Engine Procedures. Your IP will give
you simulated single-engine practice by placing one
throttle in the idle position. You will call out and
simulate the necessary procedures as directed by
your IP. Minimum single-engine airspeed is 100
knots with gear down and wing flaps extended
50 percent or less. However, maintain 110 knots
on final approach 1o previde better controllability
and allow for more airspeed in case a go-around
PECOMES NECC55ATY.

6.6.1. Simulated Single-Engine Pattern and
Landing:

6.6.1.1. Execute the break and retard the throttle
to slow the aircraft. Continue a level turn to the
downwind leg. The speed brake is not normally
used; but if it is extended, the thrust attenuators
would remain out throughout the pattern. Using
the speed brake in a single-engine situation adds
drag at a time when thrust is critical. However,
use the speed brake as required to control airspeed.

6.6.1.2. Roll out on the downwind leg, and
establish a drift correction if necessary. With
airspeed below 150 knots, place the landing gear
handle down. Continue to malintain altitude- znd
make all gear down checks. Use power as necessary
to maintain altitude and a minimum of [20 knots
on downwind until the final turn is initiated.
Rudder pressure may be necessary 10 malntain
coordinated flight due to unegual thrust. The
downwind leg 1s slightly wider than in the normal
pattern to allow for the inergased glide ratio
resulting from half flaps and the absence of the
speed brake in the final turn. After the gear is
down and checked, place the wing flap handle to
50 percent at an airspeed of 135 knets or less before
initiating the final turn.

6.6.1.3. Complete the final turn as you would for
a standard overhead pattern. As you begin the final
turn, adjust the throttle as necessary and set the
pitch attitude and bank angle. The airspeed will
gradually decrease to 110 knots as the final turn
progresses. Maintain 110 knots in the final turn
and on final approach. It 1s important 1o maintain
the proper pitch attitude 1o reach the desired final
glide path.

6.6.1.4. As you roll out on final approach, adjust
the pitch attitude to place the runway threshold
in the middle of the windscreen {as you did on
the normal final approach) and add rudder to
maintain runway alignmeni. With a low power
setting and only one engine, you must anticipate
the need for power and lead vour throtile inputs
to maintain desired airspeeds. Plan to maintain
a minimum of 30 percent rpm on final.
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6.6.1.5. During an actual single-engine recovery,
power required an the pood engine throughout the
final turn and approach may be higher than in
a simulated single-sngine landiag.

%6.6.1.6. Use half flaps for single engine patterns
and landings. You may use the speed brake on
final approach after the landing is ensured. Aiso,
you may use full flaps after landing is ensured to
prevent landing long. Remember, as power 1s
reduced for landing, the rudder pressure used to
maintain runway alignment must normally be
decreased. Changes in rudder pressure can oocur
quite rapidly if you reduce pawer abruptly.

6.6.1.7. Plan the simulated single-engine touch-
down in the first 1,000 feet as in the normal pattera.
The emphasis, however, is on the proper touch-
down attitude rather than a fast landing in the
first 1,000 feet. A touchdown on speed (proper
touchdown attitude) within the first 1,500 feet of
the runway is acceptable under nurmal
circumstances.

6.6.1.8 Touch-and-go landings are authorized
from simulated single-engine approaches i pawer
is applied to both engines after touchdown,

6.6.2. Single-Engine Go-Around. Although this
mancuver will not be practiced, your 1P will discuss
the correct technique. The importance of an early
decision cannot be overemphasired because of the
greatly reduced performance with only one engine
available. During a go-around initiated below 300
feet above the terrain, it is probable that the aircraft
will contact the runway regardless of your
intentions. It 1s imperative you retract the speed
brake immediately {in accordance with boldface
procedures) upon deciding to go around. You must
use the rudder to maintain coordinated flight
during the go-around. Additionally, slowing to 100
knots may reduce the decent rate allowing you
to clean up the aireraft faster. Be careful and
remember the minimum single engine airspeed is
100 knots. Your aim is to reduce drag which
enhances vour ability to reduce the desceni rate
and {or1) accelerate.

6.7. No-Flap Psttern and Landing. The proce-
dures for entry, 1mmtial approach, and the break
are the same as in the normal overhead pattern,
except you shouid call ne flap on initial,

£7 1. The downwind leg is longer and wider than
in the normal pattern. When the airspead reaches
150 knots or less, lower the gear and perform all
gear down checks. Adjust the throttles as necessary
to maintain 2 minimum of 120 kaots until vou
start the final turn. Initiate the turn by adjusting
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both throttles as necessary and setting the proper
pitch attitude and bank angle. The horizon will
be approximately in the middlc of the windscreen.
Airspeed will gradually decrease 1o 110 kneots.

6,7.1.1. Plan the final turn to rollout on firal with
2 good glide path. Rolling out on final, you will
have to increase the pitch attitude slightly to place
the runway threshold approximately in the lower
one-third of the windsereen, The no-flap glide path
is shallower than a normal glide path. It is
approximately 3°, which equates to approximately
300 feet AGL at 1 mile from the approach end
of the runway. The rollout on final can vary
between ¥ to 1 mile from the runway. Adjust the
altitude lost during the final turn to establish 2
good plide path. Aiso adjust the starting peint for
the final turn for wind. A longer final approach
is necessary to compensate for reduced drag.
Adjust power as necessary Lo maintain 110 knots
during the final turn and on final approach. Plan
to maintain a minimum of 50 percent rpm on final.

6.7.1.2. Do not set up a long nose-high, dragged-
in approach. The most impertant thing is airspeed
control. Remember, stall speed increases with no
flaps and (or) high fuel weights.

6.7.2. Plan the final approach so you cross the
end of the runway a few feet above the ground.
Retard the throttles to idle when the landing is
ensured. The aireraft will {loat jonger and the
landing attitude will be stightly mere nose-high
compared to a landing with flaps. Plan your no-
flap touchdown in the first 1,500 feet of the runway
with a proper touchdown attitude, Use cauntion as
vou round out and touch down durng no-flap
landings. If an excessive flare is used, you mught
land on the aireraft’s tail skid or encounter a stall.
This will occur if the aireraft’s pitch is raised to
a point where the glare shieid reaches the horizon
as you look over the nose of the aircraft.

6.8. Landing on Alternate Sides of the Kunway.
When landing on alternate sides, plan to land near
the center of the runway. The side of the runway
closest to your turn off the runway is known as
the “cold™ side; the side away from the turn off
is the “not" side. If traffic permits and the approach
and landing for a touch and go or full stop will
not affect spacing criteria, landing in the center
of the ranway is acceptable,

6.9. Gu-Arvund. Sometimes during traffic pattern
and landing praetice, vou will find yourself poorly
positioned. In this case, discontinue your appraach
for reasons of safety and execute a go-around.
Although you can abort an approach at any point,
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a go-gzround is usually executed from the final
approach or roundout. The saoner a poor landing
condition is recogaized and the go-around is
started, the safer vou will be, Do not wait uatil
the last second to make a decision, and do mnot
try 10 salvage a bad approach. Ideally, there should
be little need for a runway supervisor to direct
a go-around. The pilot of the aircraft should
executs the go-around when a dangerous condition
1s encountered. Examples of dangerous conditions
are {ow final turns, overshot final turns, wake
turbulence, distracted attenticn, and other aircraft
100 close.

#6.9.1. Final Approach or Landing Go-Arcund.
The correct method for executing a go-around
from the final approach or landing phase is 10
simultaneously advance the throttles to military
power and retract the speed brake. Depending on
your airspeed, you may need to advance the
throttles to a power setting less than military 1o
prevent overspeeding the flaps and landing lights.
When you are sure vou will remain airbormne and
have reached 100 knots, retract the landing gear
and (if applicable) turn off the landing lights. After
ballooning or bouncing, a second 1ouchdown may
occur. Under these conditions, you might consider
delaying gear retraction. Remember to call gear
clear on dual sorties. When the gear handle is up
and a minimum airspeed of 110 knots is attained,
raise the flaps. As the flaps retract, raise the nose
slightly to offset any tendency of the aireraft to
sink, Clear "the runway if necessary to aveid
overtaking an aircraft ahead of you. (Exceprion:
It is not necessary to clear the runway during a
go-around if the runway is clear of other aireraft.)
After attaining a safe altitvde and airspeed,
smootbly roll into a shaliow banked, coordinated
turn and turn appreximately 20°, When you are
well clear of the runway, execute another turn (o
realign yoursell with the runway. The direction
of these clearing turns will depend on local
procedures at your base. Allow the aircraft to
accelerate to 150 to 200 KIAS, and climbk or
descead to S00 feet above the terrain during the
go-around unti] you are beyond the departure end
of the runway or as directed locaily,

6.9.2. Final Turn Go-Around. Normally the
procedures for a go-around from the final turn
are performed after roling out on final approach.
In the final turn, use power as necessary to maintain
a safe airspeed. Monitor your airspeed closely to
avoid overspeeding the gear and flaps. If a go-
around to the inside of the normal pattern is
required, use extreme caution. Attempts 1o tighten
a turn without proper consideration for power and
airspeed could lead to a stall Never break out
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from the final turn, Your IP will cover technigues
for this type of go-around.

6.9.3. Straight Through on Inftial, If it is necessary
to discontinue a pattern before the break, continue
straight through on inidal at 1,000 feet above the
ground and 200 knots or as directed locally. At
the departure end of the runway or as directed
tocally, turn to crosswind. Clear below for aircrafi
on takeoff leg or pulling up into closed traffic and
for aircraft already established on closed
downwind.

6.9.4. Breakout From an Overhead Pattern, If it
is necessary to discontinue an overhead pattemn,
follow the locat procedures for leaving traffic. Do
not wait to be directed to break out if you see
& dangerous situation developing. Use your
initiative and judgment and exit traffic imme-
diately. If you are directed to leave traffic, follow
instrustions without hesitation. Use caution when
breaking out from the downwind leg because you
will have siow airspeed and may have the gear
and {or) flaps extended.

6.10. Straight-In Approach. The straight-in
approach is used when conditions require a landing
with minimum maneuvering. Examples of these
conditions are structural damage, an open ROSe-
access door, or an unlocked canopy. Your IP will
demaonstrate the straight-in approach and have you
practice it with and without flaps as follows:

6.10.1. Notify the runway supervisor ar tower as
directed locally, apd ebtain permission for the
approach.

6.10.2. Arrive at the designated entry point at 50K
feet above the terrain, if not otherwise specified.

6.10.3. Before you are 2 riles from the runway,
lower the gear, lower (laps as desired, turn landing
lighis on, and establish approach airspeed.

6.10.4 During a normal straight-in, lower the
speed brake and start the descent to establish a
normal glide path. Continue as you would on 2
normal final approach.

6.10.5. During a no-flap straight-in, reduce powet
as necessary and start the descent to establish a
no-flap glide path. Continue as you would on a
no-flap hinal approach.

6.11, Crosswind and Gusty-Wind Landings.
Winds in the paitern may require changes in
airspeeds and configurations. These changes
depend on wind speed, direction, and (or) gust.
Use the flight-crew checklist or RS1’s directions
to determine the recommended flap settings (table
&.1).
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TABLE 6.1
T-37 CONFIGURATIONS AND AIRSPEEDS (FINAL TURN/FINAL)
1 A B C
;:. Gusty Winds Flap Settings Due to Strong Crosswinds
M| Configuration Finzl Turn/Final Flaps S09% Zeto
1 Normal 1HG/ 110 1107116 1207120
2 | Single engine 1207120
3| Neoflap

6.11.1. I 50 percent flaps are recommended, use
(1} two-engine patterns maintaining 110 KIAS in
the final turn and on final, {2) single-engine
patterns maintaining 110 KIAS in the final turn
and on final. or (3} no-flap patterns maintaining
110 K1AS in the final turp and on final. 1f zere
flaps are recommmended, use (1) two-engine patierns
maintaining 120 XI1AS in the f{inal turn and on
final (lower the speed brake in the normal sequence;
this is called a zero flap pattern), (2) single-engine
patterns maintaining !20 KIAS in the final turn
and on final, or (3) no-flap patterps maintaining
120 KIAS 1n the final turn and oo final. For
simplicity, just remember if 50-percent flaps are
recommended due 1o crosswinds, fly 110 KI1AS
in the final wrn and on final for all overhead
patterns. For zero flaps, fly the final turn and final
at 120 K1AS.

6.11.2. Occasionally, vou will encounter gusty
winds that may not require a higher than normal
nose-wheel lift-off. Use: {1} two-engine patterns
with 50 percent fiaps and 110 KIAS in the final
wirn and on final. (2) single-engine patterns with
50 percent flaps and 120 KIAS in the final turn
and on final, or (3) no-flap patterns maintaining
120 K1AS in the final turn and on final." Because
of the possibility of a sudden loss of lift from
changing wind conditions, do not attempt to fully
flare the aircraft.

6.11.3. Plan the final turn 1o roll out on final
between ¥4 to 34 mile, using half or full flaps. Under
no-flap or zero-flap conditions, plan to rall oul
on final between ¥ 10 1 mile. Establish crosswind
controls on final to maintain runway alignment.
Maintain airspeed by readjusting the power to
compensate for the increased drag caused bv the
effects of cross controls. Continue to use these
controls through the flare and touchdown.

6.11.4. Touch down in a nose-high attitude, and
smoothly lower the nose to the runway above the

computed nose-wheel touchdown airspeed, Main-
1ain aileron deflection into the wind throughout
the landing roll. Larger control deflections are
required as airspeed decreases.

6.11.5. Initially, maintain directional control with
rudder and {or) brakes. Nose wheel steering is not
normally necessary until the aircraft has slowed
to normal taxi speed. When you engage the nose
wheel steenng, center the rudder pedals before
depressing the nose-wheel steering button. At high
airspeeds, nose wheel steering is extremely sensitive
and easily overcontrolled. Before reaching taxi
speed, use nose wheel steering only if you are
unable to maintain directional control with the
rudder and brakes on the landing roll.

6.12. Closed Traffic. The closed traffic pattern was
devised to get the aircraft on the ground, using
a minimum amount of fuel. You may accomplish
a closed traffic pattern from an initial takeoff,
touch-and-go landing, or go-around.

6.12.1. At a minimum of 150 knots and no sooner
than the locally designated point, request ¢learance
for a closed traffic patiern. Do not initiate the
pattern with a straight-in reported between 5 and
2 miles vnless cleared by the controller.

6.12.2. When vou have received ¢learance, clear
the area and start 2 climbing turn to the downwind
leg. Plan your pullup, using approximately 60°
of bank, so the downwind leg is displaced ar
approximately the same distance from the runway
it would be after a break. Minimum airspeed during
the pullug is 130 knots; maximum bank in the
pullup is 90°.

6.12.3. When you roll out on the downwind leg,
make a call to the RSU or tower. If you plan
a full stop landing, state your fuel remaining,
Indicate you are flying a no-flap pattern or a
practice zero-flap pattern, if applicable. Clear and
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continue with normal approach and landing
procedures, (Lower speed brake, gear, and flaps
at the same points as in a normal pattern.) If the
controller instructs you to break out, follow the

local pracedures for leaving traffic from an inside .

downwind.

6.13. Low Closed Traffic. This pattern was devised
1o allow practice circling approaches in the local
traffic pattern. The prerequisites for requesting a
Jow closed traffic pattern are the same as for a
rnormal closed traffic. Radio procedures are the
same except you add the word “low” to vour
request. Perform low closed patterns only between
official sunrise and sunset.

6.13.1. Plan the pullup 10 attain the desired lateral
downwind position ai approximately 500 feet
AGL. Use normal closed traffic procedurss during
the pullup and on downwind. Since the downwind
altitude is lower, the power and pitch requirements
are different.

6.13.2. Lower gear and half flaps on downwind,
and maintain 110 knots while circling to land.
(Landing lights are optional,) Extend additional
flaps and speed brake on base or final, as desired,
using normal circling procedures. With erosswind
or gusty wind conditions, configure by using flap
settings and airspeeds used on final during contact
conditions.

6.14. Final Turn Radio Call. This call is an
important part of the traffic pattern procedure.
It tells the controlier where you are. Transmit the
gear-down call as soon as safely possible after
starting the final turn. Add single-engine, no flap,
zero flap, and (or) full stop, if applicable. No
respense from the controller means you are cleared
to continue with the requested approach, but be
alert for other instructions from the RSU ar tower,
Regardless of the type of appreach flown
{overhead, straight-in, precision, or nonprecision),
DO NOT make a gear-down call until the gear
is DOWN AND LOCKED.

6.15. Landing Irregularities, Up 10 this point,
explanations of landings have been devoted mainly
to ideal sitnations in which landings were executed
correctly. However, there are several errors student
pilots might make while developing landing
proficiency so you must be theroughly familiar
with the causes, effects, and proper recoveries from
these situations.

6.15.1. Low Final Approach. There are different
ways to get below the desired flightpath. You can
start the final turn too late, place the final turn
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too far from the runway while maintaining normal
pitch and descent rates, or dive the aircraft through
the final turn. The result is excessive altitude loss
and a final approach below the desired approach
path. Such a situation requires additional power
to fly the aircraft to the runway. This is called
a dragged-in final approach and should be avoided.

6.153.1.1. Adragged-in final approach is dangerous
because you may misjudge the extra power needed
to fly in this attitude. Once you have become
accustomeéd to the amount of power normally
required on final, habit may cause you to use only
this amount, With inadequate power in this nose-
high, level-flight condition, the aircraft may stall
Dragging the ajrcraft in with a gangerously nose-
high attitude is not the proper solution for the
error in judgment that was made in the final turn.

6.15.1.2. Adjust pitch and power as soon as you
start getting iow on final approach; then readjust
pitch and power when you are back on the proper
glide slope. If you have any doubt about the
approach (that is, if it looks wrong or feels wrong),
go around.

6.15.2. Steep Final Approach. This approach is
caused by placing the final turn too close to the
runway, starting the final turn too early, or keeping
the nose too high in the final wurn. If the final
approach is continued, a high descent rate with
a low power setting will result. This low power
setting, coupled with the pitch change required to
intercept the normal glide path, results in a rapid
decrease in airspeed and a high sink rate, If you
do not correct early or go around, this power
deficient situation could resul in a very firm
touchdown or a stall.

4.15.3. Too Slow on Approach, When vou fly tog
slow on the final approach, your perception of
the preper glide path and roundout height may
be inaccurate. The point to begin the roundout
is lower with low airspeed and requires more
precise judgment. Also, the aircraft may stali,
depending on the pitch attitude, flap setting, and
(or} control inputs, especially if the wind is gusty.
When you are slow on final, you have much less
margin for emror. When you recognize a slow
approach, make the same recovery as for a low
final approach. Apply power at an altitude high
enough to reestablish the correct airspeed and
attitude or go around,

6.15.4. Rounding Out Too High. Sametimgs when
the ground stops moving toward you, your
roundout has been too rapid and you are too high
above the runway. To compensate for this,
maintain & constant pitch attitude by releasing a




AFTCM 3-3  VYoleme?2 1 July 1993

slight amount of back pressure until the airspeed
diminishes slightly and the aireraft again staris
descending. Then continue the roundout.

6.15.4.1. Use ihis techpigue only when you have
adequate airspeed and runway. If you have reached
a landing attitude and arc still well above the
ground, don't wait for the aircrait to start
descending again. Go around and plan anocther
approach. Remember, when the landing attitude
is attained, the alrcraft is rapidly approaching a
stall. As the airspeed decreases, you arc approach-
intg the critical AQA.

6.15.4.2. You have learned that as the nose is
lawered to a descending attitude, the pitch change
causes hift to decrease momentaniy. This 15 also
true during a roundout. Do not jower the nose
to increase the rate of descent when you are fairly
close to the runway. The momentary deerease in
lift may cause the aircraft to land on the nose wheel,
which could coliapse. You should go around any
time that vou feel the need to lower the nose
excessively to avoid a stall during the roundout.
The need for substantial lowering of the nose is
an indication you are too high above the ground
. and approaching a stall.

£.1543 Any time you appraach a stalling
condition after ballooming or bouncing, apply full
power, adjust your pitch attitude, and go around.
It is unsafe to continue the landing. However, if

you have applied power to go around and the

aircraft continues to settle, do not try to hold it
off by raising the nose above the landing atutude.
Hold the landing attitude, and let the aircraft touch
down if it wants to. The contact will he moderate
if you have added power, and you will be safely
airborne again shortly.

6.15.5. Rounding Out Too Late or Too Rapidly,
If you are late in starting the roundout and pull
the stick back too rapidly in an effort to prevent
a touchdown, vou can cause an accelerated stall,
This is a dangerous situation which may cause an
extremely hard landing on the main gear. This may
or may not be a controliable situation, depending
¢n the airspeed. If it ovcurs, immediate use of
power will increase thrust, lift, and controliability
and will engble you to recover and go around.
The important things to remember in this situation
are: (1) don't panic, (2) recognize the problem, and
(3) do something immediately—thar is, add power
and control the aircraft. In your recovery, hold
the landing attitude. Your main geat will probably
contact the ground a second time; but if you have
initiated recovery properly, your second contact
is normally moderate.
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6.15.6, Porpaising. This is a condition encoun-
tered during landing, where the aircraft bounces
back and forth between the nose wheel and main
gear. Tt is caused by a landing attitude ar
touchdown which brings the nose wheel in contaet
with the runway before the main gear touchdown,
It most likely will occur when landing 15 attempted
with an incorrect landing attitude and at an
excessive airspeed. If immediate corrective action
is not initiated, the porpoise will progress 1o a
viclent, unstable pitch ascillation. Because
repeated heavy impacts of the aircraft on the
runway will ultimately result in structural damage
10 the landing gear and airframe, a proper landing
attitude immediately before touchdown is impera-
tive to prevent the occurrence of a porpoise.

6.15.6.1, If you begin ta porpoise, immediately
position the controls to #stablish a nose-high
attitude sufficient to prevent the nose wheel from
contacting the runway. Maintain this attitude, and
simultaneously advance the throttles to military,
Do not attempt to counteract each bounce with
opposite stick movement. The combined reaction
uime of pilot and aircraft 1s such that this control
movement wiil aggravate the porpoising action.
Repositioning and holding the controls (resiricling
movement) will dampen out the oscillation. The
addition of powcr will increase control effsctive-
ness by increasing airspeed. It will also allow the
aircraft 1o become sately airborne.

6.15.6,2, If a go-around is initiated alier porpols-
ing, do not raise the landing gear. Structural
damage can accur during porpoising, which may
prevent the landing gear frem being lowered on
the following landing attempt.

6.15.6.3, If porpoising occurs during an actual
single-engine landing, do not increase power on
the good engine. The ungqual thrust will make
directional control difficult. Paosition and hold the
controis to establish a normal landing attitude. Do
not attempt to counteract each baunce with
opposite stick movement.

6.15.7. Floating. When vou misjudge the final
approach (for example, reduce the power too late,
use too much power on final, or fail to use the
flaps praperly), your tendency is to dive toward
the end of the runway in an attempt to land. When
vou dive, the airspeed increases. This causes you
to float and pessibly balloon or bounce, and you
will be well down the runway before landing. To
correct a slight problem of floating, gradually
adjust (increase) the pitch attitude as airspeed
drops and landing speed is approached. The
recovery from floating will depend on the amount
of floating and runway remaining. Avoid pro-
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longed floating, especially in strong crosswinds.
If you have any doubt about the recovery, cxecute
a go-around.

6.15.8. Baliooning. There are several factors that
cause an aircraft to balloon. Rounding out too
rapidiy or raising the nose to the landing attitude
before lift has decreased sufficiently will cause you
to bailooan (figure 6.5}, The altitude gained will
depend on the airspeed or the rate at which the
pitch attitude 15 increased.

6.15.8.1. When balloconing is slight, you may
complete the Janding. Maintain direction, hold a
constant landing attitude, and let the aircraft setiie
onto the runway, LUse rudder pressure to keep the
aircraft straight as 1t settles onto the runway. When
ballooning is pionounced, go around. Do not
altempl Lo salvage the landing.

6.135.8.2. Be extremely cautious of ballooning in
erosswinds. If you do not maintain the wing-dow
crosswind correction until touchdown, the aircraft
will probably balloon more because of the added
lift as vou level the wings. This puts yvou in double
jeopardy because you will start drifting once you
level the wings. Be sure to keep the appropriate
wing down in a crosswind and maintain direction
with apposite rudder. If vou balioon shghtly, vou
may need to lower the wing even further Lo
compensale for the relauve Increase of drift
compenent at the lower airspeed. Again, if you
have any doubt, go around.

6.15.9. Bouncing. Bouncing is very similar to
ballooning. What is ditferent 15 the cause. If the
aurcraft strikes the runway hard, it will bounce into
the air. The height it reaches depends on the force
with which it strikes the runway and the amount
of back pressure held. This height also depends
on the speed at the point of touchdown. The
aircraft mav bounce if ir makes contact with the
ground before the Janding attitude 1s altained. A
common student error is to apply excessive back

AETCM 3-3 Yolume 2 1 July 1993

pressure when the student realizes too late that
the aircraft is seitling tog fast, bul he or she is
not yet in the landing attitude. In attempting to
correct the first mistake, the student inereases pitch
attitude too late—qjust as the bounce occurs. Both
factors tend to force the airerafl aloft again.

6.13.9.1. The corrective action for a bounce is the
same as ballooning, and it depends on the seventy
of the bounce. When the bounce is siight and there
is no great change in piteh attitude, continue with
the ianding, Maiptain direchion and smoothly
adjust the pitch to the landing attitude just before
touchdown. When a bounce is severe (that is, you
feel the aireraft rising rapidly), go around
immediately. Simultaneously apply power, main-
tain diregtion, and iower the nose 1o a safe pitch
attitude. Follow through with the go-erocund even
if another bounce occurs. Do not attempt & landing
from a bad bounce.

6.15.9.2. Since airspeed diminishes very rapidly as
the aircraft rises, a stall may occur before a landing
is made. Expect to contact the ground or bounce
a second time during 4 proper recovery, The second
bounce will not be as severe.

6.15.9.3. Use extreme caution any time you bounee
in acrosswind. Whern one wheei strikes the runway,
the other wheel will touch down immediately
afterwards. The crosswind correction is lost, and
the aircraft will drift. You should reestablish
crosswind controis to stop the drift and either
continue the landing or ge-around depending on
you situation.

6.15.10. Landing in 2 Drift or Crab. Al times you
may find voursell correcting for drift by crabbing
on the final approach. 1f you round out and teuch
down while the aircraft i1s drifting or in a crab,
it will contact the runway moving sldeways. This
will impose extreme side loads on the landing gear
and may cavse material failure.

Figure 6.5. Ballooning Results From 2 Too-Rapid Roundout,
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6,15.10.1. After crabbing into the wind, the proper
method of carrecting for drift on the final approach
is the wing-low method. This allows you to keep
the longitudinal axis atigned with the runway
threugheut the final approach and landing.

6.15.10.2. During final approach. roundout, and
touchdown in a crosswind, the path or track of
the aircraft over the ground is a straight line m
the same Jirection as the runway, and the fuselage
of the aircraft should remain lined up with the
runway throughout. In other words, vou shouid
not angle toward the runway or cock the nose.
Failure to apply sufficient wing-low crosswind
corrections will tesult in landing with a drift, in
a crab, or a combination of both,

6.15,11, Wing Rising After Touchdown. During
crosswind landings, 4 wing may rise during the
landing roll. Depending on the amount of
crosswind and degree of corrective action, you
could lose directional control.

6.15.11.1. When an alrcraft is rolling along the
ground in a crosswind, the upwind wing is receiving
grearer impact of air pressure than the dewnwind
wing because the fuselage blocks the wind over
the downwind wing. This causes a 1ift differential.
The wind also strikes the fuselage on the upwind
side. This causes a rolling mament about the
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downwind main landing gear, which may further
assist the raising of the upwind wing. When the
effects of these two factors are great enough, one
wing may rise even though directional control is
maintained. If no correction is applied, one wing
will rise enough to cause the other one to strike
the ground. Use rudder, brakes, and (or} nose-
wheel steering to malatain directional control; use
ailerons to keep the wings level, If a wing starts
to rise during the landing roll, immediately apply
more aileron toward the high wing and continue
to maintain direction. The sooner aileron is
applied, the more effective it is. The further you
allow a wing to rise before taking any corrective
action, the more aircraft surface is exposed to the
impact pressure of the crosswind.

6.15.11.2, There is a situation where 2 wing comes
up and there is also & loss of directional control.
Not only are the same factors attempting to raise
the wing, but the crosswind is also acung on the
fuselage surface behind the main wheels and is
swerving the aircraft into the wind. Again, vou
should apply aileron to lower the high wing and
stop the swerve with the most effective control.
When the wings are approximately level, maintain
directional control until the aircraft has slowed
10 taxi speed or has stopped.
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NIGHT FLYING

T.1. Introduction!

7.1.1. Night flying 15 a very important phase of
pilot training. Do you remember how surprisingly
easy it was to learn to drive an automabile at night?
The transiunon from day o mght flying 15 just as
easy, You will find that most of the same technigues
and procedures used in day flying will apply at
night. Generally speaking, any apprehension you
might have about night flying will result from
restrictions placed on your wvisibility. Once you
overcorme the fecling of discomfort because of
visual limitations, you should have very linie
difficulty in flying at night.

7.1.2. Before night flying you should be familiar
with the location and positions of all switches and
controls. The ahility to locate switches and controls
should become second -mature to you through
practice in either a synthetic trainer, simulator, or
parked aircraft. Determine which switches mght
be mistakenly or accidentally actuated and whether
or not such a mistake could create a problem. If
50, spend extra time learning the correct switches
in this area.

7.1.3. The traffic pattern during night flyinp is the
same as the day pattern, but some of the visual
checks and procedures used in daytime are more
difficult at night. Orientation with the ground and
other aircraft is harder to maintain. Tension is gquite
normal because flying an aircraft at night is a new
and different sensation. For example, vou may
notice lights reflecting on vour canopy due to glare
from your instrumemt or cockpit lights. Do not
confuse these with lights of other aireraft. Onee
you realize the things that appear strange at night
are really quite normal, you will have overcome
your biggest obstacle to successful night flying.

7.1.4. Night {lying will demand mere of you than
day flying. You must be constantly alert for other
aircraft in the area. You may have to rely on your
instruments to determine the attitude of the
aireraft. Know your cockpit procedures for taxiing
as well as for [lying. This will eliminate confusion
and the need for turning up the cockput lighis
unnecessarily.

7.2. Spatial Disorientation. A pilot 15 much more
susceptible to spatial disarientation at night than
during the day. Also, depth perception at night
18 not completely reliable,

7.2.1. Before takeoff, always study a map of the
field. Get a good mental picture of the takeoff
runway and taxiways leading to it. Too often pilots
on a strange field at night take wrong turns, thus
losing time and creating confusion.

7.2.2. Always carry an operabie flashlight. If there
is electrical failure, a flashiight is your only means
of checking the instruments or maps.

7.2.3. The T-37 lighting system consists of red and
white lights for the cockpit and instrument panel.
These lights are used on the instrument panel
separately or in combinauon, and they can be
adjusted for intensity, Adjust instrument lights to
the minimum hecessary 1o read the instruments.
This will avond ¢ye strain and keep canopy
reflections to a minimum. Remember, once your
eyes are adapted to the dark, even a momentary
glance at bright lights destroys their adaptation.
With bright instrument lghts you are unable to
distinguish objects outside the cockpit until vour
eyes readjust.

7.3. Inspections and Checks. In addition to the
normal daytime exterior check, perform the
following:

7.3.1. Ensure all required exterier and interior
lights are operational (AFR 60-16).

7.3.2. Ensure all transparencies are clean,
Scratches and dirt cause reflection. Ask the ground
crew to wipe off any spots on the windshield and
instrument panel,

7.3.3. Keep the cockpit lights turned down to a
comfortable level, including those controlled by
the warning light's dimming switch, This is
especially mumportant during traffic pattern oper-
ation because canopy glare and bright lights can
seriously restriet visibility when ciearing is most
important.

7.3.4. Know the location of all importani switches
by touch to avoid operating the wrong one in a
dim or dark cockpit. The same applies to ali contral
levers. The flap lever and landing lights are ntems
required at a critical time in the landing pattern.
Know their locations by touch. Also know the
location of the flap indication without searching
forit.

7.35 Store your flashlight in a readily accessible
place.
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7.4, Taxiing. Judgment of speed and depth is
poorer at night. Allow for this, and feliow
procedures with extra care, Always taxi more
slowly at night tc compensate for the reduced
visibility. Although the taxi light is normally used
for night taxiing, use the landing lights when
necessary. The anticollision beacon may also be
used to increase your visibility to other aircraft
while taxiing. Taxi on established taxi lines. If you
are taxiing toward a landing runway, use caution
with your taxi lights. Do not blind the pilots of
landing aircraft.

7.5. Takeoff. Line up on the cenier line of the
runway, and perform a static takeoff. Before brake
release, turn on taxi or landing lights and complets
the lineup checklist. After brake release, look down
the runway—not to one side—at the runway lights.
On night takeoffs, there is a tendency to fly the
aircraft hack onto the runway so do not retract
the gear in a hurry. Be sure to confirm gear clear.
If you become disoriented, resort immediately to
instrument flight. Use the instrument takeoff
procedures. If you resume outside visual refevence,
use extreme caution because of deception and
broken continuity in unlighted areas. You needn’t
be alarmed by loss of references on takeoff if you
go confidently on instruments, maintaining a
positive pitch attitude on the arttitude indicator and
a positive rate of climb on the VVL

7.6. Area Orientation. Your IP will show you the
local flying area, prominent landmarks, familiar
cities or towns, and any points of interest that may
help to keep vou oriented. Your 1P will also peint
out local hazards at night and minimum safe
altitudes for local night operations.

7.4.1. There are several methods to compensate
for the lack of visual references at night. Two of
these methods are using a reduced descent rate
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and reading out altitudes over the intetcom when
descending for a level off close to the ground.

7.6.2. Use exira care in reading the altimeter at
night because your actual height above the ground
is difficult to visually confirm. Many accidents have
resulted from pilots who have misinterpreted
altimeter readings; constantly guard against this
error. Careful interpretation of altimeter indica-
tions is an absolute necessity for safe night flying.

7.6.3. After vou are comfortably adjusted to night
fiying, your IP wil) place the aircraft in an unusual
attitude. You will then recover from the vnusual .
attitude and return the aireraft to fevel flight using
instruments only. Should you become disoriented,
you must trust your instruments. Causes and
hazards of spatial disorientation are listed in AFM
51-37, and they must be clearly understood by all
aircrews before night flying,

7.7. Landings. The impottance of using the before-
landing checklist on night landings and of making
sure the gear is down and locked before turning
onto final cannoi be overstressed. After rolling
wings level on final, concentrate on the descent
and plan to touch down within the first 1,000 feet
of the runway_ Keep your eyes moving; don't stare
at any bright fights on the ground, It is easy to
confuse a moving light with a stationary one. Plan
to touch down on the center line of the runway.
Turn on the landing lights afier rolting out on final.
Om touch-and-go landings, turn off the landing
lights after retracting the gear and before retracting
the flaps. The landing tights do not turn off unul
they are fully retracted. The movement of the light
beam as it drops away from view may cause a
climbing sensation. Therefore, after turning off the
landing light switch, monitor your instruments
closely. When flying in the traffic pattern or other
congested areas, be especially vigilant for other
aircraft. Constantly look arcund for aircraft lights,
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FORMATION

Section A— Genernl
8.1. Intraducton:

§.1.1. The basic premise of formation flying is the
concept of mutual protection; the days of going
it alone are bured in history. The team concept
is essential to successfully engage and defeat the
enemy in today’s high speed air warfare. Each
member of the team has something to contribute
if the team is to perform its function of destroying
enemy personnel and resources. Muptual, not
independent, action is the secret of successful air
warfare. Although bomber, troop camier, and
interceptor missions require limited precision
formation, most fighter aircraft flying i$ domne in
formation. A fighter formation must be flexible
enough to meet the most sipnificant or immediats
threat, yet still complete the mission. The selection
of a particular formation is determined by the
mission, performance of your aircraft compared
to the enemy aircraft, air superiority situation, and
enemy tactics. Regardless of the formation used,
each has one thing in common—a dependence on
all members of the flight. Teamwork is the vital
key to success.

*8.1.2. The effectiveness of a formation mission is
highly dependent on solid flight discipline. This
originates in mission preparation and is displayed
in the formation briefing by flight lead or another
designated flight member. During the briefing, the
flight lead formally describes the mission and
establishes the rules of conduct for all flight
members during ground operations and inflight
maneuvers. Flight discipline is displayed when each
flight member adheres to these rules of conduct
throughout the mission until debriefing, Uncom-
promising flight discipline is absolutely essential
for successful mission execution.

8.1.3. More than any other type of flyving,
formation builds confidence and teaches seli-
reliance, self-discipline, and proper application of
aggressiveness in military flying. Aggressiveness is
a state of mind, an attitude not to be confused
with speed of flight control movement or reckless
abandon. Aggressiveness is knowing the rules and
parameters, recognizing deviations, and making
expeditious, controlled corrections. T-37 forma-
tion training teaches you the basic techniques and
procedures. You will learn lead’s duties and
responsibilities, but the wing position receives the
greatest emphasis. You must be disciplined and
aggressive, and you must trust iead. The ability
to fly good formation does not come easily.

8.2. Responsibilities:

8.2.1. Collision Avoidance. All formation
members must be conscious of the potential for
& midair collision associated with formatioa flying.
This manual cannot possibly address every
sitvation that, if mishandled, could result in an
accident or incident, The procedures in this manual
are designed to accomplish course objectives and
maximize safety, but nothing prevents an aircrew-
member from ta¥ing whatever action is necessary
to avoid a collisson. The uwltimate responsibility
for safe flight rests with each pilot. Several factors
contribute significantly to the potential for a midair
collision:

§.2.1.1. Failure of iead to properly clear or visually
menitor the wingman during a critical phase of
flight, such as during a rejoin or trail. As lead,
you must monitor vour wingman. Look at the
wingman directly or use the marror. Be prepared
to offer assistance or take evasive action f your
wingman loses sight of you. Do not hesitate 1o
give instructions on what action should be taken
becaunse von are normally in a better position 10
know what these actions should be.

£.2.1.2. Failure to keep lead in sight at all times.
As the wingman, you are most likely to lose sight
of lead duning pitchouts, rejoins, trail, or in IMC.

. While flving in IMC, if vou canpnot maintain the

normal fingertip position using normal wvisual
references or you lose sight of lead, immediately
follow the lost wingman procedures (paragraph
87.

3.2.1.3. Failure to recogmize excessive overtake.
You must learn to judge closure and detect
overshoots. The airspeed indicator can be a vital
aid. During rejoins, compare your azirspeed with
the prebriefed or announced airspsed. If you are
dirsetly in trail, move laterally to gain greater
petspective of closure rate and provide a safe
margin for breakout or overshoot. Use power and
(or) speed brake as necessary.

§.2.1.4. Failure to maintain lateral or vertical
separation. This generally applies to turning or
straight-ahcad rejoins. Always maintain lateral or
vertical separation until closure rates are under
control and you reach the route position.

8.2.1.5, Failure to maneuver in the safest direction
when visual contact is lost. As the wingman, if
you lose sight of lead for any reason, break out
of formation. Do not delay your breakout
attempting to regain visual contact. BreaX in a safe
direction {away from the last known position or
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{light path of lead) to gain immediate separation.
Call your breakout over the radio. Do not attempt
to tejoin until you receive permission from lead,

8.2.1.6. Failure to consider the effects of wingtip
vortexes. Airplanes always produce vortexes,
Wingman usually fly into them when they get too
close during fingertip maneuvers or crossunders.
Thke resuliing control difficulties are very danger-
ous. If you get into vortexes, contral your aircraft
and move back out. Break out if you need to,

8.2.2. Lead. Clearing and planning are the most
important aspects of leading a formation. You
must monitor the wingman, clear the area, and
plan each maneuver. Exceute each maneuver with
skill and precision, allowing the wingman to
maintain position without difficulty. Never become
s0 overly conscious of smoothness that precision
ot safety are compromised. It is far more tmportant
to fly your aircraft safely with minor gxcursions
from perfect performance than to fly super smooth
and be a liability to the flight. Plan all maneuvers
to keep the flight well within the assigned working
area. Select a power setting that will allow you
to manevver throughout the aliowable air speed
and altitude ranpe. However, if this power setting
proves unrealistic, do not hesitate to change it.
High performance and high G maneuvers require
smooth and deliberate control inputs to keep your
wingman from exceeding G limitations while
attempting to maintain [ormation position. You
must also monitor the wingman to ensure he or
she is in position before the next maneaver.

§.2.3. Winpman. Txe three basic aspects of being
a4 wingman are Imdimtaining position, mutual
support, and formation integrity. [nitially, you will
spend most of your time learning to maintain
positon, but you should develop the other skills
that are an integral part of being a formation
wingman. Although your primary atteaticn is
devoted to maintaining proper position, you also
can help ctear for the formation. While referencing
lead, vou can clear the area you can see beyond
the leader. Do this by using all of lead's aircraft
as a reference; do not focus on just one spot, If
you need to tell lead about a conflict, give call
sign, traffic’s clock position (prefaced with side),
elevation (low, level, or high), and an approximate
distance. For example, transmit “Curly, traffic
right 2 o’clock, slightly high, 3, miles.™ Although
procedural differences exist between operational
units and from aircraft to aircraft, the following
are basic wingman respoensibilities:

8.2.3.1. Keep lead in sight at all times.

8.2.3.2. Be aware of the departure, recovery, and
en route altitudes and routing s¢ you can assume
the lzad at any time.

65

8.2.3.3. Monitor lead for system malfunctions and
proper configurations. Assist when you can during
emergencies,

8.2.3.4. Monitor the radios, and assist lead if
NECEssary.

8.23.5 Maintain a constant awareness of the
potentiat for a midair collision.

8.2.3.6. Trust lead and follow directions.

%8.3. Radio Procedures. Radio discipline is

essential for effective formation operations and it
1s lead’s responsibility to brief how radic operations
will be performed, Aidrcrews should attempt to
minimize radio calls 1o reduce frequency conges-
tion, Lead must ensure calls are clear and concise,
combining calls when practical. Uniess briefed
otherwize, wingman will acknowledge icad’s verbal
directions with an appropriate radio call.

*8.3.1. Radio procedures should be addressed in

the formation briefing. Unless briefed otherwise,
the wingman should change radio channels only
when directed by lead and only after all flight
members have acknowledged. Radin channel
changes may be accomplished during any
mancuver. When desiring to accomplish radio
channel changes in fingertip, flight lead will
theroughly brief the procedures and ensure the
wingmen understand their first priority is main-
taining aircraft separarion while changing chan-
nels. When desiring to accomplish radio channel
changes in route, lead will nermally direct the
wingman to route. The wingman should changpe
channels after assuming a two- to four-ship-width
route position. Usless briefed otherwise, remain
in route position until directed by lead. If in IMC,
maintain fingertip spacing and usc crew concept
to accomplish channel changes (one crewmember
flies the aircraft while the other accomplishes the
channel change).

8.3.2. Aurcrews of cach aircraft in the formation
will be assigned a call sign. For example, Captain
X and his student sign out as Reno 01, and Captain
Y and her student sign out as Reno 02. No two
aithorne formations will have the same ward call
sign (for example “Reno,” “Vega,™ “Cheeta,” e1c.).
Regardiess of flight lead’s pasition during takeoff,
he or she wili always use the call sign with the
lowest numeric designator. In this case, flight lead
would be Reno O1. Flight lead may ese 11, 21,
31, eic., depending on the jocal wing’s call sign
procedures, In a four-ship formation, the deputy
iead will always use the numeric call sign ending
with the number 3. The flight lead will lead the
entire mission and is responsible for the safe and
efficient accomplishment of the missien objectives.
However, flight lead may be in any position on
takeoff, landings, and arza work to optimize
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training. The call signs received when the formation
signed out will be used any time the formation
breaks up. In the above example, when in
formation Captain Y will acknowledge radio calls
with her position pumber, but will use Reno 02
if the formation breaks up with no intention of
getting back together. For radio calls within the
formation, only the word call sign will be used
as follows: Lead, “Reno, ops check;” Wingman, “2.”

£.3.3. When a member of the formation has radio
failure, the aircraft with the inoperative radio (no
radio (NORDO)) normally assumes or retains the
wing position. The flight member with the
operative radic leads the NORDO aircraft into
the paitern, notifies the RS or tewer, and makes
a low approach to the landing runway. The
NORDO aircraft flies the pattern and lands.
Prebrief a straight-in approach or overhead pattern
as appropriate for weather or pattern conditions.

£.3.3.1. Close formation {fingertip or route).
Flight members who experience total radio failure
while in close formation should manzuver within
route parameters and attract the atteniion of
another flight member. Give the appropriate visual
signals. The mission should be terminated as soon
as practical and the NORDO aircraft led to the
base of intended landing.

%*8.3.3.2. Other than close formation. I flying other
than close formation when radio failure occurs and
a planned rejoin will not shorily foliow, the
NORDO aircraft should cautiously attempt to
rejoin 1o a route position on another flight member
and rock iis' wings (attention in the air), but not
complete the rejoin until receiving a rejoin signal.
The NORDQ aircraft is responsible for maintain-
ing clearance from other flight members until his
or her presence is acknowledged by a wing rock.
Once joined, the NORDO aircraft will give the
appropriate visual signals. The mission should be
terminated as soon as practical and the NORDO
aircraft led to the base of intended landing.

*8.4. Visual Signals. Except for in-flight checks,
visual signals are used during formation flying to
keep radio transmissions to a minimum, All visual
signals are contained in AFI 11-203, and its AETC
Sup ! (formerly AFR 60-15/ AETC Sup 1). Any
nonstandard visual signals wiil be briefed before
they are used. You must become completely
familiar with these signals before flying formation.
As the wingman, when lcad gives a signal,
acknowledge it by nodding your head. If you do
not understand or are unsere of a signal, do noi
acknowledge. Lead will repeat the signal unti) an
acknowledgment is received from you. Once again,
do not hesitaie to use radios to avoud confusion
or when more practical.

8.5. In-Flight Checks:
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%8.5.1. General. Weather permitting, make required
checks in route formation unless briefed otherwise.
Normally during scheduled checks, lead initiates
the check by spreading the formation to route with
either a radio call or visual signal, The wingman
performs the appropriate check for the phase of
flight. The wingman should accomplish the check
one item at a time, checking his or her position
on lead between each item. Unless briefed
otherwise, return to fingertip formation only with
flight lead's permission. During IMC, the crew
concept will be used for completing in-fhght
checks, The pilot at the controls will fly the
fingertip position while the other pilot peiforms
the check. Lead should make normal turns, climbs,
or descents during checks. If forced to turn during
a check, lead should call the turn and ensure his
or her wingman is attentive before turning. The
wingman resumes the check after the turn is
complete. Inflight checks are normally accomp-
lished in the following manner:

#8.5.1.1, Lead. Spread the wingman to route with
a radio call or visual signal. After directing the
wingman to route, accomplish appropriate
checkiist items. Allow enough time for the
wingman to do the same. Check the wingman in
with a visual signal or by transmitting a call sign
and total fuel (“Curly 1 is [,200"). After the
wingman checks in, return him ot her to fingertip,
leave in route, or dircet to another paosition.

%8.5.1.2. Wingman. Acknowledge lead’s visual
signal or radio call, move to route, and perform
the appropriate checklist items. Stay in route until
lead directs otherwise. Check in with 1otal fuel (2
is 1,200™) or a visuat signal, as appropriate. While
performing in-flight checks, continue to focus your
atiention on lead, using short glances to perform
cockpit duties.

*8.5.2. Ops Check. This check is a check of the
engine instruments, oxygen system, fuel quantity,
and fusl balance, Perform this check pericdically
during every mission. When desiring an ops check,
lead will use a briefed visual signal or transmat,
“Curly, ops check.™ The wingman will acknowledge
the visual signal or radio call, as appropriate. On
completion of the check, jead should check the
wingman in by relaying his or her total fuel, This
can be done either visually or on the radio. The
wingman should reply with total fuel, Lead should
monitor any abnormal fuel state reported by the
WIngmarn.

£.5.3. Fuel Checks. Fuel checks are required in
the ops and descent checks. At other times, lead
will signal or call for afuel check. Lead will monitor
any abnormal fuel state reported by the wingman.

§.5.3.1. Joker fuel is the prebnefed fuel needed
to terminate an event and proceed with the
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remainder of the muission. An example 15 termi-
nating area work and accomnplishing a recovery
for multiple patterns. The radio call is, “Curly 2
is joker.” Lead will prioritize any remaining
maneuvers and plan to recover no later than bingo
fuel. Lead will acknowledge the wingman’s joker
call.

8.5.3.2. Bingo fuel is prebriefed fuel, which allows
the aircraft to proceed to the base of intended
landing using a pianned recovery and landing with
appropriate fuel reserves. Bingo fuel will not be
overflown because it would preclude a safe
recovery The wingman will notify lead when
reaching this fuel state by using the following radic
call, *Curly 2 is bingo.” Lead will acknowledge
the wingman's bingo call.

G2

c\i'l's.ﬁ. Speed BrakepSpeed brake exercises are used

to practice maintaining position when the speed
brake is operated. The wingman lowers or raises
the speed brake on a verbal or visual signal by
lead. The wingman must anticipate a slight pitch
change to avoid bobbing up and down.

§.7. Lost Wingman Procedures. Lost wingman
precedures may not guarantee obstacle clearance,
1t iz the responsibility of all the pilots in the
formation to be aware of terrain and obstacles
along their flightpath. Good judgment must be
used when executing lost wingman procedures.

8.7.1. Actions. During actual weather conditions,
the wingman may lose sight of the lead aircraft,
The action taken depends on the phase of flight.
The wingman should review pertinent procedures
at each bricfing where weather or other restrictjons
to visibility are known or anticipated for the flight.

8.7.1.1. In any lost wingman situarion, immediate
separation of aircraft is essential. On losing sight
of lead or if unable to maintain position due to
disorientation, the wingman will simultaneously
execute the applicable lost wingman procedure
while transitioning to instruments. Smooth
application of control inputs is imperative to
minimize the effects of spatial disorientation.

%.7.1.2, Additionally, the wingman will notify
iead, who will coordinate with the controliing
agency and request a separate clearance for the
wingman. If required, the controlling agsncy can
aid in ensuring positive separation.

£.7.1.3, Lead should immediately perform the
appropriate procedurs, acknowledge the lost
wingman's radio call, and transmit lead’s aircraft
attitude, which will be acknowledged by the
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wingman, Lead should transimt other parameters
such as heading, altitude, and airspesd a5 necessary
to aid in maintaining safe separation.

8.7.2. Two- or Three-Ship Flights:

8.7.2.1. Wings-ievel flight (climb, descent, or
straight and level), Turn away, using 15° of bank
for 13 seconds. Inform lead; then resume course
and obtain a separate clearance.

8.7.2.2. Turns (climb, descent, or level). Qutside
the turn, reéverse the direction of turn, using 15°
of bank for 15 seconds, and inform lead. Roll oul
and continue straight ahead to ensure separation
before resuming the turn. Obtein a separate
clearance. Inside the turn, momentarily reduce
power to ensure nose-tall separation and tell flight
lead to roll out of the turn. Maintain angle of
bank to ensure lateral separatien, and obtain a
separate clearance. Lead may resume turn only
when separation is ensured. If in a three-ship Hight
with both aircraft on the same side of lead, refer
to four-ship Jost wingman procedures (paragraph
8.7.3).

8.7.2.3. Precision and nonprecision final
approach. As the wingman, momentarily turn
away from lead to ensure separation and siar a
climb to either the final approach fix or glide-slope
intercept altitude, as appropriate. While proceed-
ing 1o the missed approach point, inform lead and
abtain a separate clearance from appreach control.
Either comply with the new clearance received or
fiy the published missed approach, as appropriate.

8.7.2.4. Missed approach. As wingman, moment-
arily turn away to ensure clearance; then inform
lead and continue the published missed approach
while climbing 500 feet above the missed approach
altitude. Obtain a separate clearance {rom
approach control.

8.7.3. Four-Ship Flights. (Numbers twa and three
will follow the procedures described in paragraph
8.7.2.) Because it is impossible for number four
to immediately determine that number three siill
has visual contact with lead, it is impérative that
number four’s ilpitial action be based on the
assumption that number three has also become
separated. If number four loses sight of number
thres, number four will proceed as follows:

2.7.3.1. Wings-level flight, Simultancously inform
lead and turn away, using 30° of bank for 30
seconds. Then resume course, and obtain separate
clearance.

8.7.3.2. Turns (climb. desceni, or level). On the
outside of the turn, reverss the direction of the
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turn, using 30° of bank for 30 seconds 10 ensure
separation from lead and number three. Obtain
a separate clearance. {Using 30° of bank for 30
seconds will develop a significant heading change
from lead.) Maintain sitnational awareness for
abstacle clearance as you separate from lead. On
the inside of the turn, momentarily reduce power
1o ensure nose-tail separation and increase bank
angle by 15°. Tell lead to roll out of the turn.
Obtain a separate clearance. Lead will resume the
turn only when separation is ensured.

8.8. Practice Lost Wingman Procedures. Lost
wingman procedures will be practiced in VMC to
prepare for actual situations you may be encounter.
Lead directs practice of lost wingman procedures
with a radio call, “Curly, go practice lost
wingman.” At this time, the wingman executes the
appropriate lost wingman procedures and
acknowledges, “Curly 2 Is practice lost wingman,”
The IP will monitor the lead aireraft to ensure
adequate separation is maihtained. After approp-
niate lost wingman procedures have been executed
and permission for rejoin has been granted, lead
will specify the type and direction of rejoin.

5.9, Spatial Disorieatation in Formation. As l=ad
of a formatien, if you suspect your wingman is
becoming spatially. disoriented, transmit vour
current flight parameters. This may reduce or
celiminate the sensations of spatial disorisntation.
As wingman, vou must reman aware of flight
conditions ta the maximum extent practical, If you
become spatially disoriented, inform lead and
request flight parameters if necessary. Lead will
minimire maneuvering, transmit flight information
and, if in IMC, artempt to acguire VMC, If
disorientation persists, lead should attain straight-
and-level flight if possible and consider passing
the lead to the wingman if conditions will allow
iead to maintain orientation and situational
awareness while on the wing, If conditions do not
aliow this, the wingman should make every effort
Lo maintain (ormatior position. If unable to
maintain formation, the wingman immediately
transitions to instruments while executing lost
wingman procedures and notifizs lead.

Section B—Two-Ship Formation

8.10. Engine Start, Taxi, and Takeoff:

8.10.1. M the aircraft are parked together, start
engines on 2 visual signal; if they are parked
separately, use a prebriefed starting time. If you
are late arriving at the aireraft, do not omit items
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on your preflight or rush engine starting proce-
dures, Inform lead of any difficulties that may delay
vour departure.

8.10.2. After engine start, lead will check the flight
in on the radio. Acknowledge with your formatien
position. After the flight checks in, lead calls for
taxi clearance, The formation then taxis out,
assurung proper position on pulling out of the
parking area. If another aircrew attempis to taxi
between you and lead, ask the pilot to held. The
formation should have the right-of-way, Taxi
position for the wingman is two ship lengths behind
lead when taxnng staggered, Increase the spacing
te four ship lengths when taxiing directly behind
lead.

8.10.3. Lead should taxi a sufficient distance down
the runway to allow the wingman room io
maneuver into position, The wingman lines up on
the fingertip line with approximately 10 feet of
lateral wingtip clearance. Lead considers such
facters as wind, weather, and direction of the turn
out of traffic when determining the proper side
to place the wingman. Lead places the wingman
on the upwind side for takeoff when the crosswind
component exceeds 3 knots to keep him or her
from entering vour wake turbulence in the event
he or she falls behind. If crosswinds are not a factor,
put the wingman on the mside of the first tumn
out of traffic.

B.10.4. Fortakeoff in the wing position, laad looks
at you and gives the runup signal. At this time,
perform vour lineup check and nod to lead when
the check is comiplete. Lead will adjust throttles
to 98 percent rpm to glve you a power advantage.
Lead will signal for brake release with the
downward motion of his or her head. As the
wingman, use power 235 Decessary to maintain
position on the takeoff roll. Tise peripheral vision
to help detect any lateral movement on the runway.
Use nose-wheel steering to maintain directional
control. Match lead’s pitch attitude and stack level
until the gear and flaps are raised.

2.10.5. When the formation is safely airhorne with
a minimum of 100 knots, lead retracts the gear.
As the wingman, raise your gear when you see
lead’s gear begin to retract and you are sure you
will remain airborne. I you are overrunning lead,
vou may delay retracting vour gear; never raise
vour gear before lead. When the gear handle is
up and the airspeed reaches [10 knots minimum,
lead raises the flaps. The wingman raises his or
her flaps at the same time and assumes the fingertip
pasitien {figure 8.1).

8.10.6. Lead maintains the takeoff attitude,
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Figure 8.1, Fingertip Formation.

allowing airspeed to increase. Lead makes the first
turn at 2 minitnum of 150 KIAS and a safe altitrude,

B 107, If lead aborts the takeoff after the brake
reiease, the wingman normally continues the
takeoff. For this reason, as the wingman, you must
maintain proper wingtip clearance when lining up
on the runway and throughout the takeoff. If the
wingman or lead must abort the takeoff, he or
she maintains lateral control of the aircraft, follows
abort procedurss, and, if time permits, calls on
the radio with intentions, The fact that one aircraft
develops trouble when breaking ground and
decides to abort does not make it necessary for
both aireralt to do so.

8.10.8 After the formation is airborne, it may
become difficult for the wingman to determine that
lead is experiencing an in-flight emergency (loss
of thrust, etc.}. which requires an abort or
emergency landing. If the wingman overruns lead,
lead will direct the wingman 10 assume the lead.
The wingman will select {ull military power and
make a separate takeoff while maintaining his or
her side of the runway. The original lead will be
responsible for in-flight separation and direct
appropriate measures to regain flight integrity or
initiate lost wingman procedures. The original

wingman will fly the briefed departure until
instructed otherwise by the original lead.

8.10.9. As the wingman, if you drop behind on
takeoff, you may not have sufficient airspeed Lo
rotate with lead. In this case, cross-check yeur
airspeed indicator and make your own takeofl.
Rejoln on lead after becotning safely airborne.

8.10.10. As the wingman, if you must make a
separate takeoff due to excessive crosswind
(maximum crosswind component for a formation
takeoff is 13 kneots (70 knots nose wheel lift-off;
touchdown (NWLQ/TD)) or other factors, use a
10-second delay.

8.10.i1. Formation members must use caution
during takeoffs in gusty wind conditions for rapidly
changing wind direction and velecity, Use timely
corrections to mairtain directicnal conirel and
ensure aircraft separation.

8.11. Join Up After Takeoff. If aircraft take off
separately (an “interval takeoff,” using 10-second
spacing), local procedures will dictate this type of
rejoin. Use a turning rejoin, a siraight-ahead rejou,
or, in some cases, a combination of both. After
lead is airborne with a minimum of 150 KIAS,
reduce power to approXimately 95 percent and
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accelerate to tech-order climb speed. lmitially, the
wingman will use military power, Be alert for
transitions from one type of rejoin to another as
lzad follows the departure route.

8.12. Instrument Trail Departure. During trail
departures in IMC, basic instrument flying is the
first priority and will not be sacrificed while
performing secondary trail tasks, Strietly adhere
t¢ the briefed climb speeds, power settings,
altitudes, headings and turn points, If task
saturation ocours, cease attempts to maintain trail,
immediately concentrate on flying the instrament
departure, and notify lead.

8.12.1, Takeoff spacing will be no less than 20
seconds.

8.12.2. Each aircraft or element will clitnb at 180
KIAS with $8 percent power unless briefed
otherwise; 30° of bank will be used for all turns.

£.12.3. Until join up or level off, each aircraft or
element will call when passing multipies of 5,000
feer and when initiating heading changes,
" Acknowledgments are not required, but monitor-
ing radio transmissions and the progress of the
succeeding aircraft or elements is imperative.
Immediately cerrect any deviations irom the
departure route.

8.12.4, Dwring the climnb and through level off,
each aircraft or element will maintain the briefed
spacing using NAVAIDs and all available aircraft
systers, including the ciock.

8.12.5. Each aircraft or element will maintain at
least 1,000 feet of wvertical separation from the
preceding aircraft or ¢lement except where
departure instructions specifically prevent com-
pliance. if the wingman cannot comply with the
minimum safe altitude, lsad may reduce the vertical
separation to 300 feet,

B.12.6. If a visual join up cannot be accomplished
at level off, lead will request 1,000 feet of altitude
separation for each succeeding aircraft or element,
if all aircraft ¢can comply with the minimum safe
altitude.

£.127. Wingmen will accomplish a rejoin only
after visually acquiring lead and receiving
PEINISSION 10 1e]olxn.

8,13, Fingertip Formation. This tvpe of formation
flying wili form a basis for all your formation flying
{figure 8.1).

3.13.1. Position. The fingertip position 15 flown
on an angle approximately 30° back from the
jeader with approximately 3 feet of wingtip
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clearance (figure 8.1, One reference 1o maintain
longitudinal position is to align the pilot's head
in the lead aircraft with the outside flap hinpe.
As a vertical reference, you should see approx-
imately one-half of the ejection iriangle or
approximately one-third of the top of the wing
and two-thirds of the bottom (figure 8.2). When
vou have 3 feet of wingtip spacing, you will barely
see the trailing edge of lead’s opposite elevator.
These are only a few of many references. Your
IP will poiat out others. Do not stare at one
reference. Lock at the whole aircraft ard clear
through your lead. Scanning from reference to
reference will help vou detect small changes in
position, You must be on the 30° line for your
vertical and lateral references to be accurate,

8.13.2. Technigne. Good farmation is the result
of anticipation, planning, and the application of
small corrections. Detect shifts in position
promptly and stay in formation. Always keep the
aircraft trimmed and coordinated. This is one of
the most important fundamentals of good forma-
tion flying. In turns, the wingman maintains the
same relauve position as in level flight with respect
to lead {figures 8.3 and 8.4). As the wingman, when
lead turns away from you, increase back pressure
and ¢limb to maintain your vertical position. This
requires an increasc in power to maintain vour
airspeed and position on the 30° line. When lead
steps the roll in, you have to take off some of
the power you added because you are no longer
climbing. When lead turmns toward vou, add shight
forward pressure to maintain vertical position and
reduce power to stay on the 30° line. Be aware
of collision potential at all times. In turbulence,
while flying maximum perforizance maneuvers or
maneuvers which are nov frequently flown (for
¢xample, pushovers at less than 1 (), the collision
potential increases. During pushover maneuvers,
your ability o counteract movement toward lead
will be limited with near zero or negative Gs. For
example, bank alone in 0 G conditions will not
produce a heading change. Under these conditions,
avoid wingtip vortexes because a rapid roll into
the leader may develop. Should a breakout become
necessary, use rudder, aileron, power, and spead
brake as the situation dictates. Break out in the
direction that will ensure immediate separation.

8.14. Crossunder. The purpose of performing a
crassunder is to efficiently and safely move from
one wing positian to the apposite wing position.
A crossunder may be accomplished from either
fingertip or route formation positions, To {ly geod
crossunders, you must anticipate each power
change and make the smallest possible changes in
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Figure 8.2. Fingertip Formation.
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Figure §.3. Turn-Into Position.

Figure §.4. Tum-Away Paosition.

pitch and bank. Crossunders may be completed
during turns when you are proficient. Do not pass
under jead. Lead signals for a crossunder by
dipping a wing in the desired direction of change
(figure 8.5). Use the following procedures when
accomplishing the crossunder {rom fingertip:

8.14.1. Reduce power slightly and, as airspeed is
reduced, move a few feet lower than normal
positicn.

8.14.2, Move aft to obtain nose-tail clearance; then
increase power slightly to maintain this spacing.
{Anticipate the power increase to prevent falling
too {ar behind.)

8.14.3. Bank slightly toward the new position to
change the aircraft heading a few degrees. Roil
wings level, and fly to the opposite side, A heading
change of only 1° or 2° will cause the aircraft
to fiy smoothly from one side of lead to the other.
Keep proper nose-tail clearance with power; a
pawer increase is necessary to maintain this
clearance. Do not cross directly under any part
of 1ead’s aircraft! With proper clearance from lead,
your canopy bow should appear supenmposed on
lead’s taillight.

8.14.4. When vou have wingtip clearance, return
1o lead’s heading. Add power; and, as you move
forward, move up to attain proper pitch references.
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Figure 8.5. Crossunder.

Figure 8.6. Echelon,

As vou approach the fingertip position, reduce
power to stop in position.

8.15. Echelon. Echelon is a variation of fingertip
(figure 8.6). Lead will direct the formation to enter

echelon turns by radio call or visual signal. Echelon
turns are always made away from the wingman.
Lead should roll in smoothly and maintain back
pressure commensurate with bank angle. As the
wingman, you should match lead’s roll rate. For
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alevel tum, position yourself so the horizon bisects
lead’s fuselage. Additionally, you should see the
ejection decal just in front of the engine intake
{fore and aft reference). Distance berwesn aircraft
{measured fuselage to fuselage) should be the same
as before turn entry. If out of position, use power
to make corrections fore and aft, back pressure
to maintain horizontal spacing, and bank t¢ make
corrections up or down. During rollout, lead
should use a slow, smooth roll rate and gradually
reduce back pressure. The wingman should match
lead’s roll rate and maintain relative position. The
maximum angle of bank in echelon is approxi-
mately 6]°.

8.16. Route Formation, Route formation provides
fiexibility. I allows the wingman to check aircraft
systtms and personal equipment, look around, ar
simply relax. With the formatioa in route, lead
should restnet maneuvering to moderate turns and
pitch changes. Maximum bank angle in route is
approximatety 60°,

8.16.1. Route is an extension of fingertip. As the
wingman, fly with the lateral spacing of two ship
widths ta 500 feet. Fly no farther aft than the
normal fingertip bine, no farther forward than line
abreast, and vertically the same as fingertip. Go
10 route when lead directs or gives the loosen
Tormation signal.

B.16.2. As the wingman, on the inside of the tum,
descend only as necessary to keep lead in sight
and stay below leads plane of motion. When on
the outside of the turn, maintain the same vertical
references used in echelon. During turns, you may
need to maneover behind the fingertip line to
maintain spacing and keep sight of lead. Do not
cross to the opposite side unless direeted by lead.
Route crossunders may be dirccted with a radio
call or wing dip.

8.16.3. When lead direcis a move io rouie
formation from fingertip for radio chaanel
changes, in-flight checks, or position changes,
wingmen will fly two- to four-ship-width spacing
unless briefed otherwise. During rejoins, wingmen
will stabilize in a route positicn with two to four
ship-widths spacing before closing to fingertip.

8.17. Pitchout. The purpose of the pitchout is to
provide spacing for rejoin practice.

8.17.1. Lead. The pitchout signal iz the same as
the signal for engine runup. Clear in the direction
of the desired turn, and begin a turn away from
the wingman, using approximately 60° of bank.
Continue the tern for approximately 180°.
Although a level pitchout is desired, you may make
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modifications Lo your energy level. Do not sacrifice
clearing in order to maintain precise altitude
contrel or an exagt 180° turn.

8.17.2. Wingman. Delay up to 5 seconds; then
begin & turn to duplicate lead’s rate of roll, bank,
and general flightpath. After turning approxi-
mately 90°, play the turn by varying bank and
back pressure to roll out behind and slightly below
iead. An alternate method for obtaining spacing
for rejoins may be used when circumstances permit.
Lead will direct the flight to take spacing.
Acknowledge and drop back to obtain the
appropriate spacing.

%8.18. Maneuvering Fundamentals, The remaining

parts of this chapter deal with maneuvering one
aireraft in refation to another. Although not always
apparent, two basic parameters apply to every
sitnation where two or more aircraft maneuver
three-dimensionally in relation to each other. These
parameters are aspect angle and angle off. As you
read the remaining pans of this chapter and
progress in the formation category of training, you
will begin to see all the applications of these
principles.

8.18.1. Glossary. The glossary below lists the
definition of these parameters and other terms used
to describe maneuvering fundamentals throughout
the remainder of this chapter.

2.18.1.1. Angle Off. The relative nose position of
two aircraft. The angular distance between the
langitudinal axis of the wingman and the longi-
tudinal axis of the leader. Stometimes referred to
as heading crossing angle (HCA) (figure 8.7).

B.18.1.2. Aspect Angle. The relative position of
the wingman to the leader without regard to the
wingman’s heading, The angle measered from the
tail of jcad to the position of the wingman. Jt is
nor a elock position off of lead (figure 8.7).

£.18.1.3, Closure. The rate of movement the
wingman has in relation to lead. Increasing closure
is a result of greater airspeed, a lead pursuit curve,
or bath. Converstly, decreasing closure is a result
of lesser airspesd, a lag pursuit curve, ot bhoth.

B.18,1.4. LagPursuit Curve. The path a wingman’s
aircraft will follow if it flies to an imaginary point
behind lead (figure 8.7).

8.18.5. Lead Pursuit Curve. The path a wingman’s
aircraft will follow if it flies to an imaginary point
in front of lead (figure 8.7).

8.18.1,6, Line of Sight (LOS). A line from the
pilot’s eve 10 an object being viewed.
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Figure 8.7. Maneuvering Fundamentals (Aspect Angle Versus Angle Off).

8.18.1.7. LOS Rate. The rate of movement of the
ohject along the canepy. An aft LOS rate occurs
when your aircraft flightpath resuits in passing in
front of the object. A forward LOS rate occurs
when your aircraft flightpath results in passing
behind the object (figure 8.8).

£.18.1.8. Pure Pursuit Curve. The path 2 wing-
man’s aircraft will follow if it fiies directly at the
lead aircraft (figure 8.7).

8.18.2. Specific Pursuit Curves. lead, lag, and

pure pursuit curves control aspect angle and angle
off. Although these air-to-air principles are
complex in the cverchanging combat arena where
very few absolute rules exist, the following basic

© relationships apply in the controlled training
environment, These relationships are summarized
in figure 8.9.

§.18.2.1. With lead pursuit, the wingman points
in front of lead. Lead’s aircraft will create an aft
1.OS rate across your canopy. This decreases angle



]

Aft LOS Rate

Forward LOS Rate

*Figure 8.8, LOS Rate,

off, increases aspect angle, and creates closure. If
carried 10 an extreme, lead pursuit wiil result in
the wingman flying past lead.

8.18.2.2, With lag pursuit, the wingman points
behind iead. Lead’s aircraft will create a forward
LOS rate across your canopy. This increases angle
off, deereases aspect angle, and decreases closure.
Ultimately, spacing will increase between wingman
and lead aircraft.

8.18.2.3, With pure pursuit, the wingman contin-
vally points at lead. Lead’s aircraft will remain
stationaty on vour canopy. This does little to
contrel aspect angle or angle off, but it does create
closure. However, the closure rate created by pure
pursuit is less than the closure rate ereated by lead
pursuit,

8.19. Rejoins. Rejoins are used to get the aircraft
inte fingertip as safely and expeditiously as
possible. Rejoin airspeed is 190 knotls unless
otherwise briefed.
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*Figure 8.9. Pursuit Curve Relationship Chart,

8.19.1. Lead. After rolling out of the pitchout, wait
long enough for your wingman o rel] out in trail.
Signal for a rejoin by either & radio call or by
rocking your wings. Establish a turn, using
approximately 307 of bank, and adjust power and
pitch as necessary to maintain rejoin airspeed. If
you want to change the prebnefed awspeed, call
the airspeed vou will hold, Hold bank and pitch
stable to assist the wingman. During the rejoin,
monitor the wingman and cieat the area.

£.19.2. Wingman. When lead gives the rejoin
signal and enters a furn, start a turn in the same
direction. Use approXimately the same angle of
bank as lead, and pull lead pursuit until you
approach the desired aspect angle. Stay shightly
beneath lead’s altitude at all rimes so both pilots
can keep lead in sight. A power increase will also
expedite the rejoin.

%*8.19.2.1. As you move inside lead’s turn, you will
notice s or ber vertical stabilizer appears to move
toward the outside wingiip as the aspect angle
increases. When the vertical stabilizer approxi-
mately bisects the outside wing, reduce your angle
of bank to maintain this reference. If the vertical
stabilizer appears to move toward the wingtip, your
aspeet angle is increasing. To correct this, shallow
your bank (less lead or maybe lag pursuit). If the
vertical stabilizer appears to move toward the wing
root, your aspect angle is decreasing, to correct
this, increase your bank (lead pursuit). This
reference will provide & reasonable cutoff during
the initial phase of the rejoin. As you get closer
to lead, the tail on the wing reference will change
and the vertical stabilizer will appear to move
toward the ountside wingtip (figure 8.10).

2.19.2.2. The critical stage of the rejoin begins
when you are approximately 500 feet from join
up and slightly behind the 30° iline. From this
position, you will begin to sce the normal fingertip
references. To move toward lead, drop down
slightly and move forward (lead pursuit) slightly
onto an exwension of the fingertip line. Begin
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wFigure 8.10. Appearance of Lead from Varlous Angles,

decreasing the overtake airspeed with a power

reduction and speed brake as necessary. Monitor .

bank and overtake ciosely during the last few
hundred feet before join up to ensure your
movement is cantrollable. Plan ta arrive in the
route position with airspeed the same as lead.
Stabilize in this position; then move into fingertip
at a controlled rate,

8.19.23. To tejoin on the outside of the turn
(number three position), plan to pass behind (at
least two ship lengths) and below lead. Stabilize
two 1o four ship widths out in the route position.
Then move into fingertip at a controlled rate.

8.20. Straight-Ahesd Rejoins:

8.20.1. Lead. After the piichout, call for a straight-
ahead rejoin. The wingman will rejoin 1o the side
you dircet. (If not speeified, the wingman will rejoin
to the left side.} Announce the airspeed if it differs
more than 10 knots from that prebriefed.

%*3.20.2. Wingman. Initially use power as necessary,
and move below and slightly to the left side or
ag designated by lead. Your flight path should angle
away fram lead to the route position. Do not drive
up lead’s 6 o'clock. Continue to close until you
are approximately 1,500 feet to the rear of leader.
From this point, begin decreasing the overtake
speed with a power reduction and plan to arrive
in the route position with airspeed the same as
lead’s. After matching speed in the route position,
move into the fingertip position. If lead must turn
during a straight- ahead rejoin, irapsition Lo a
turning rejoin and be alert for overshoot situations
because you may have both a cutoff and airspeed
advantage.

8.21. Overshoot:

#8.21.1. Turning Rejoin. If, despite reduced power

and use of the speed brake, an overshoot develops,
the wingman stays low enough to keep lead in
sight and use lag pursuit to move outside of the
turn with ai least two ship lengths of nose-tail
clearance (figure 8.11). The greater the closure rate,
the wider the wingman must go to prevent moving
forward of lead’s position. As the wingman, once
outside the turn, do not move forward of lead’s
position. Avoid excessive back pressure because
this will cause you to close on Jead. Go no highet
than lead. After momentarily stabilizing, return
to the inside of the turn with a minimum of two
ship lengths of nose-ail clearance on the lead
aircraft, and complete a normal join up. During
an overshoot, lead should keep the wingman in
sight if practical and must provide a stable platform
for number two. However, if a collision appears
imminent, lead must take positive action to prevent
a midair collision,

£.21.2. Straighi-Ahead Rejoin. As the wingman,
if your closure rate is excessive during the straighi-
ahead rejoin, reduce power and use the speed brake
as required te establish a safe closure rate. If you
are going to overshoot, maintain lateral separation
by turning away slightly from the formation leader.
Keep lead in sight. (Il you overshoot to the point
that it becomes difficuit t¢ keep ead in sight, break
out of formation.) Resume the rejoin when lead
begins to move ahead. When overshooting straight
ahead, there is a tendency to move the conirol
stick in the direction you are locking, that is,
toward lead. If uncorrected, this action may cause
your aircraft to pass in front of or below lead,
resulting in one of the mandatory breakout
situations (paragraph 8.22).

§.22. Formation Breakout:
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(Use power control and speed break as required)

*Figure 8.11. Overshoot.

%*822.1. The purpose of a breakout is to ensure
immediate separation and to avoid a midair
collision. The wingman must break out of
formation when directed, when visual contact with
lead is lost causing a loss of situational awareness,
when unable to rejoin to or remain in formation
without crossing under or in front of lead, or
anytime his or her presence constitutes a hazard
to the formation.

8.22.2. Use caution whenever passing under lead
or viewing lead through the top of the canopy.
This situation may cause disorientation.

%3.22.3. When breaking out, the wingman clears
in the direction of the break and notifies lead. If
breaking out due to a lost-sight situation, the
wingman breaks away from lead’s last known
position or direction of turn, or in the direction
that ensures immediate separation using power as
required to maintain a maneuvering airspeed and
{or) speed brakes to expedite the separation. Lead
will continue the current maneuver with the current
power setting to aid in aircraft separation. If the
wingman is in sight, lead should also maneuver
to obtain separation whenever possible. After
obtaining a safe separation and when no further
complications exist, the wingman may request a
rejoin. However, the wingman should not rejoin
until directed to do so.

8.224. If breaking out of formation on final

approach, a rapid increase in back pressure can
quickly result in a stall. Also, abrupt application
of excessive rudder can cause the aircraft to roll
past the desired bank angle. This can further
aggravate the low speed condition and reduce the
chances of a successful recovery.

%8.22 5. The wingman may encounter a hazardous
situation in which an aggressive breakout is
inappropriate. For example, if the aircraft drifts
into a position dangerously close to lead, an
aggressive breakout may possibly result in a
collision. In this situation, the wingman should
move away from lead, using smooth and positive
control inputs as required.

#8.23. Lost Sight. In some cases, losing sight of
the other aircraft does not require a breakout or
lost wingman procedure because sufficient spacing
already exists; for example, following a pitchout.
However, if the other aircraft is not in sight when
anticipated, use the following procedures:

8.23.1. Notify the other aircraft of your situation,
and state vour current altitude; for example, “Curly
2 is blind, 17,000 feet.” In some cases, heading
or turn information may also be appropriate for
this call.

8.23.2. If the other aircraft has not lost sight,
transmit that fact with a relative position to the
“blind™ aircraft; for example, “Curly 1, visual,
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right, 2 e’clock, hiph.” If lead is the “blind™ aircraft,
but the wingman has lead in sight, lead has the
option ta direct a rejoin. Tn this case, the wingman
will not rejoin closer than a rowte position until
lcad has called “visual.”

£.23.3. Ifboth aircrafi have lost sight of each other,
lead will immediately ensure a minimum of 1,000
feet of aititude separation. Both members will
maintain this separation unatii making visual
contact and initiating a rejoin.

8.24. Knock-M-Off Call. This is a radio call any
formation member can make to terminate maneuv-
ering for any reason, [t is particularly applicable
when a dangerous situation is developing. This
radic call applies to all phases of flight and all
types of formation maneuvers; and all formation
members must acknowledge this call in turn; for
example, “Curly, knock it off.” Repardless of who
made the knock-it-off call, lead will acknowledge
with the call, “Curly 1, knock it off,” followed
by the wingman’s call, “Curly 2, knock it off.”
The wingman should then await dircctions from
lead.

§.24.1. Call “knock it off™ any time one or more
of the foilowing situations exist:

8.24.1.1. The maneuver or exercise, if continued,
would cause the formation to go out of the
authorized area,

8.24,1.2. Anunbriefed or unscheduled flight enters
the working area and is detrimental tc the safe
conduct of the mission.

8.24.1.3. The mimmum altitude or cloud cleatance
are approached (upless in a4 nonmaneuvernng
fingerip formation).

8.24.1.4. Situational awareness is lost.
B.24.1.5. A radio failure is recognized.
8.24.1.6. Any aircraft rocks its wings.

8.24.1.7. The desired learning objective is
achieved.

§.24.1.8. A dangerous situation is developing.

8.24.1.9, The minunum fuel state or bingo fuel 15
reached.

8.24.1.10. An over-G oceurs.

B.242 Lead will continue the current maneuver
with the ¢urrent power setting until directing a
rejoin, This will ensure lead remains predictable
and will aid in flightpath deconfliction, Since either
aircraft can subsequently lose sight of the other,
ensuring flightpath deconfliction should be the

9

primary concern for both aircrafi.

8.24.3, If either aircraft subsequently loses sight
of the other, the aircraft losing sight should make
the approptiate lost-sight radio call, and both
aircraft should follow lost-sight procedures
(paragraph 3.23).

*8.24.4, If lead has the wingman in sight and the

sitzation requires immediare aircraft separation,
lead should maneuver to ensure separation berween
the two aircraft. Lead will direct a rejoin only after
the wingman has reached 2 position from which
a safe rejoin is possible. The wingman should
maigtain 3 minmum of 1,000 feet of separation
until directed to rejoin. As the wingman, if an
excessive closure rate is apparent, breakecut or
avershoot as appropriate to stay away from lead’s
flightpath.

%3.25, Oifset Trail:

8.25.1. General. The primary purpose far flying
offset trail 1s 10 develop vour ability to use lead,
lag, and pure pursuit curves to explore and practice
three-dimensional maneuavering in relation to
another aircraft. The ultimate goal is for you 1o
demonstrate your understanding of pursuit curves,
aspect angles, and closure control in order to
establish and maintain your aircraft within specific
offset {rail parameters. The process of analyzing
and solving these problems requires that you
understand the consequences of flying each pursuit
curve as deseribed in paragraph 8.18.

8.25.2. Offset Trail Position. The offset trail
position is 45° left and right of leads 6 o'clock
position and 300 to 500 feet aft of lead (figure
8.12). It is a fluid position in that the wingman
may change sides to enhance maneuverability and
maximize clearing in high density awrspace and
special sitwations, such as heavy bird activity,
monitoring a distressed aircraft, or simply to give
an alternate departure, cruise, or recovery position.
Striving to maintain this position requires you o
constantly analyze your aspect angle and closure
in order to apply the proper amounts of lead and
lag pursuit. The command to mave your wingman
to the offset trail position is given as a radio call
or prebriefed visual signal, “Curly, go offset.” The
wingman acknowledges leads transmission and
mansuvers into position. Transitory periods in the
lcader’s high or low 6 o’clock position while
maneuvering to the other side are acceptable, but
the wingmar should avoid stagnating in the &
o'tleck position and instead concentratc on
maintaining the 45° angle off of lead.

$.28.3. Offset Trzil Exercise. The offset trail
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*Figure 8.12. View of Lead from Offset Trail Position.

exercise is the culmination of your maneuvering
fundamentals training, The basic pronciples of
pursuit ¢curves and closure control you learned
during rejoins are expanded into a mere fluid
environment. The offset trail exercise allows your
IP 10 show the relationship between lead, lag, and
pure parsuit curves as they relate to aspect, range,
and closure. Essentially, you will learn how to
properly fly the appropriate pursuit curve to solve
varinus problems of range, aspect, and closure that
the lead aireraft will create. Learning how and
when to transition from ome pursuit curve Lo
another to solve these problems requires that you
undersiapd basic concepts invelving turn circle
geometry, aspecl awareness, and cnergy manage-
ment. You must also remain aware of and be ready
to use other méthods 10 maintain position. For
example, reduce power and extend speed brake
to increase separation or make a knock-it-off cail
over the radic if too much spacing develops.
Adhere to offset trail restrictions outlined in
AETCE 11-201, Perform a G-awarencss exercise
as described in paragraph 5.14.3 of this manual
before flying maneuvers in the offset trail exercise.

8,25.3.1, Glossary. The following is a glossary of
terms used to describe some tlements of maneuy-
ering during offset trail.

2.25.3.1.1. High Yo-Yo. A reposihon of your
aircraft using a combination of pure or lag pursuit
and movement above lead’s plane of motion to
control closure, decrease aspeet, and prevent an
overshoot. It also allows for turning room in a
vertical plane of motion above the icader’s plane
of motion (figure 8.13).

£.25.3.1.2. Low Yo-Yo. A rcposition of your
aircraft using a combination of lead pursuit and
movement below lead aircraft’s plane of motion
10 increase closure. It will also increase your aspect
angle (figure 8.14).

§.25.3.1.3. Plane of Motion. The geometric plane
described by the flight path of ap aircraft. At high
G loading {above 4 Gs), the plane of motion is
approximated by the 5ift vector,

8.95.3.1.4. Quarier Plane. An out-of-plane lag
maneuver used to preserve the 3/9 line. This
situation may be caused by a Jate decision or no
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*Figure 8.13. High Yo-Yo.

decision to execute a high yo-vo, or failure to
control closure, Indicators that a quarter plane is
needed are similar to those of a high yo-yo;
however, aspect, angie off, and closure are more
severe and range is usually much closer (figure
R.15).

B.25.3.1.5 Rate of Turn. Rate of change of
heading, normally measured in degrees per second.

8.25.3,1.6. Three/Nine (3/9) Line. A hypothetical
line extending out of the aircraft’s lateral axis. The
wingman must remain aft of lead aircrafts 3/9
line during maneuvering. This line equates 1o a
90° aspect angle (3 aspect) for a trailing aircraft.

8.25.3.1.7. Turniag Room. Yolume of airspace in
the vertical, horizontal, or both which can be used
10 execute a maneuver {or solving aspect, angle
off, and closure when maneuvering in relation to
another aircrafi.

8.25.3.2. Turn Circle Geometry. During the offset
trail exercise, you will analyze the geometry of lead’s
turn; such as. turn rate and turn radius, based on
lead’s airspeed, bank angle, and G loading, Lead’s

turn geometry and how agpressively yon fly a lead
pursuit curve to move into position when entering
the exercise will determine the aspect, range, and
closure problems you must solve. In a level turn
using 2 Gs, 60° of bank, and 2pproximately 230
KTAS, lead’s approximate iurn rate and turn
radins will be 8° per second and 2,500 feet,
respectively. As the lead aireraft turns, its 3/9 line
points to the center of the turn circle. The line
continues through the center of the eircle creating
the diameter of that circle and defining the airspace
in which the winpgman must maneuver. Aiways
remain in the airspace aft of the 3/9 line (hgure
8.16). Lead will be flying close to the level turn
parameters above until wingman reaches the ofisct
trail position. The offset trail entry procedures
should keep the wingman inside lead’s turn radigs
and well within the proper half of lead’s turn circle.

8.25.3.3. Aspect Awarencss. Aspect recognition
and turn circle geometry are equally important m
determining how and when to fly the proper pursuit
curve. During the affset trail exercise, you will
analyze your aspect angle continually during the
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*Figure 8.14. Low Yo-Yo.

entry and mancuvering phases. Since the maneuv-
ering area is limited up to but not forward of the
3/9 line, aspect angle will range from 0° to %0°
when closing on lead during the entry. When lead
is performing the lazy eight type manenvers, the
desired position is 45° left or right of lead. For
sunplicity, our aspect range is descnbed from 0
to 9, left or right. Remember, aspect is not a clock
position. The straight wing of the T-37 makes
recognition of the 9 aspect line easy even at large
distances. You are already familiar with the 6
aspect line since this is the extended fingertip line.
A 4 aspect reference is the vertical tail on or slightly
forward of the wing tip. When asscssing vour
position in relation to lead, you must determine
how aspect will change as you maneuver. Because
of the T-37’s small turn radius and fast turn rate,
you must anticipate where your aireraft is going
and maneuver to change your aspect prior to

reaching the desired aspect. Anticipation will help
you avoid exceeding offset trail parameters. This
is especially true when lead turns inte you at the
top of a lazy eight or when you initiate a low yo-
yo to decrease range while enering the exercise.
You must alsn be aware that lead aircraft is
constantly changing your aspect angle and angle
off for you through a continuous turning move-
ment.

£.25.34. Energy Managemen:. While maneuver-
ing during the exercise, you will fly at various G
loading that will challenge yaur enerpy manhage-
ment. There are several important areas in which
you can assist 1n preserving and (or) galming energy.
During the entry, lead should begin with 180-200
knots. This will ensure the optimum wrn rate for
the wingman to analyze and enable lead to
maneuver expeditionsly onee the wingman calls
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*Figure 8.15. Quarter Planc.

in. The wingman will accelerate and exceed lead’s
airspeed during the low yo-yo. When executing
your high yo-vo, the vertical movement during this
reposition will preserve your epergy level and
provide a little motre turning room. Flying weli
abave lead’s plane of motion during the vertical
movement is unnecessary and may possibly deplete
your energy. You are already below lead’s plane
of metion in a low yo-vo; therefore, a vertical
reposition up to lead’s plane of motion coupled
with your movement to lag pursuit will generally
give sufficient deceleration to march lead’s energy.
In addition, climbing to a point only slightly above
lead’s plane of motion will give you the turning
toom needed to decrease your angle off without
losing most of your energy and increasing range.
Turning room, as described above, will prevent

you from using excessive Gs when decreasing your
angle off in lcad’s plane of motion,

8.25.3.4. 1. While flying lazy eight type manguvers,
lead should plan to use vertical movement to
preserve energy and provide various angle
problems for the wingman to solve. As in wing
wark, vertical movement will alHow lead to
maintain sufficient energy to mapeuver. The
wingman, on the other hand, has the option of
changing power settings as required to maintain
energy.

£.25.3.4.2, G loading is alsc important while
maneuvering because the T-37 is casily susceptible
to energy loss under high G loading, Consequently,
avoid the buffet and consider unloading to 1 G
or less when applicable to preserve and (or) gawn



MANEUVERING
AIRSPACE AFT
OF THE 3/9 LIN

*Figure 8.16. - Airspace Aft of 3/% Line.

energy. This is particularly effective when in lag
pursuit with hoth aireraft in a descent. If you elect
to recuce power at any time, take care not to reduce
it too long to avoid getting tao far out af pasition.

8.25.4.1. Entry:

8.25.4.1,1. Lead. When reaching 180-200 KIAS,
direct the formation to begin offset trail maneu-
vering with the radio call, “Curly, go offset trail.”
After the wingman acknowledges the call, begin
a moderate G turn of approximately 2-3 Gs away
from the wingman. Initially, military power may
be required to establish scparation and preserve
energy. Once separation is ensured, set the power
at approximately 90 to 95 percent. Higher altitudes
and air temperatures may tequire you 1o use
wmilitary power to maintain an appropriate energy
level. Allow adequate time for the wingman to roll
put in a trail position with approximately 1,000
to 1,50G feet spacing. When ready to begn
maneuvering, call “Curly 1's ready.” When in
position, the wingman will respond with “Curly
25 ready.” Do not initiate the constant turn setup
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for the exercise until the wingman calls “ready.”

£.25.4,1.2, Wingman. To gain the propet s¢para-
tion for the type of training yox have planped
during the entry, delay 5 10 8 seconds after the
lead turns away and then break in the same
direction. To achieve 1,000 feer spacing, delay §
to & seconds; for 1,500 feet spacing, delay the full
8 seconds. Use power as required, playing the lasi
90° of the turn to roll out at the proper spacing.
Lead will delay initiating the constant turn setup
until you call “ready.”

8.25.4.2. Mancuver:

8.25.4,2.1. Lead. Afier the wingman calls “ready,”
initiate and maintain a level turn of approximately
2 Gs and 60° of pank in one direction, Maintain
approximately 200 KIAS to optimize your turn
radius and turn rate, An airspced significantly
slower than 200 KIAS, e.g., 150 KIAS, wouid result
in a higher tum rate and a very small turn radius,
making it too difficult for the wingman to remain
behind the 3/9 line. Converscly, flying too fast
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increases the turn radius and slows the turn rate,
only to increase the time it takes for the wingman
tc complete the entry. Attempt to maintain a
reiatively stable platform for the wingman. This
will allow the wingman an opportunity to explore
pursuit curves and closure control to arrive at the
offset trail position. Look for the wingman behind
the wing, not at your & o’clock position. Monitor
the wingman’s aspect and closure for inadvertent
3/9 line passage. Be prepared io knock it off if
there is no attempt to correct the deviation, After
the wingman calls in position, you may then reverse
the turn direction, Perform turns, varying the pitch
and bank while mainiaining positive G's to allow
the wingman to solve angular problems and stay
in position. These turns are flown like a lazy eight,
excepl il i not necessary to reverse the turn an
each leaf, However, never maneuver in an
unpredictable or abrupt manner which may force
the wingman forward of your 3/9 line. Your
vertical movement to manage energy also presents
difficult angle and clasure problems to solve for
the wingman. Always abserve the wingman’s aspect
angle and angle off before maneuvering aggres-
sively since the wingman may, in turn, be
aggressively repositioning to counteract your
current flight path. In addition, vary the pitch,
bank angle, and airspeed in vour turns to give your
wingman challenging problems to solve while in
the offset trail position. Remember, vou are a
training platformm for vour wingman and it is
incumbent upon you to provide reasonable
problems to-selve. If you maneaver too aggres-
sively, vour wingman may not be abie toc achieve
the desired training objectives. Once the learning
objectives have been met, you may terminate the
mancuver visually (slowly rocking wings) or with
the knock-it-off radio call as described in
paragraph 8.24, Remain predictable and then
transition to a level turn for the rejoin.

8.25.4.2.2. Wingman. Your individual training
objectives and roll out distance behind lead will
determine your opticns to entér the offset trail
exercise. At 1,000 feet, you will need to initiate
a lead pursuit curve to close on lead. If you are
farther out than 1,000 feet, you may eiect to
continue straight abead for 3 to 4 seconds, or unatil
lead aireraft is displaced approximately 30° off
your heading. This delay will place you closer to
lead’s turn circle before starting your entry. Use
military power when initially setting a lead pursuit
curve and starting your low yo-yo. Placing lead
several inches below the canopy bow will ensure
adequate vertical spacing and prevent you from
descending too low. Descending too low may cause
cxcessive airspeed and will require a considerably
high yo-yo when reposiioning. Flving too high
may cause visibility problems for the crewmember
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looking across the cockpit and may result in jess
than adequate airspeed for closure and reposition-
ing. A target airspeed of 220-240 KIAS is optimurm.
As you develop closure with lead pursuit, you will
notice your aspect angle increasing and your range
decreasing. Monitor aspect and closure carly as
you approach the 3/9 hne. Plan to maneuver before
reaching the 3/9 limit. When you sce lead’s tail
superimposed over the outside wingtip (4 aspect),
start your transition to a pure pursuit curve. Pure
pursuit will prevent your aspect angle from rapidly
increasing as lead continues the turn. This will help
you contral your closure and will not require a
large repositioning maneuver. When your range
approaches 600 to 700 feet, use a high vo-ye 10
remain aft of lead’s 3/9 line. This lag maneuver
will reduce both aspect and closure, allowing a
wingman's turn circie to fit inside lzad’s turn circle
(figure 8.17). A good rule of thumb is if your range
15 1,000 feet prior te entry, you wil need to use
at least one high yo-vo. Also, if your range is 1,500
feer prior 1c entry, it may take two or mare high
yo-y0's with the first yo-yo beginning at the 900
feet range and the second at 600 fest Vertical
movement during the high yo-yo will provide
turning room to realign fuselapes (decrease angle
off) and preserve yvour energy as vou close within
500 feet, The high yo-yo should be flown crisply
and fairly quickly to avoid excessive angle off,
Attempt to stay out of lead’s jetwash. Once inside
500 feet and on the 45° line, make the radio eall,
“Curly 2% in.” Your range should never be less
than 300 feet from lead or forward of jead’s
3/9 line,

8.25.4.2.2.1. Onge yoru make the radio call
indicating you are in position, lead will introduce
vertical manenvering with lazy eight type maneuyv-
ers and varying G loading. Realize that as lead
maneuvers, vou must predict lead’s flight path and
maneuver in relation to tead. This will require you
to analyze lead’s plane of motion and turn rate
before deciding which pursuit curve to fly. You
will continue to use the same concepts practiced
in the entry, only scaled down to much smatler
movemsants, to remain on the 45° line. You will
move continuously from lag to Jead pursuit curves
when lead 15 maneuvering as you anticipate lead’s
nose movement, Aspect changes can occur rapidly
and you musl be prepared Lo maneuver accord-
ingly. For example, if lead turns into vou as you
are aggressively pulling lead pursuit, you may easily
exceed the 45° limit. Pause momentarily 1o see
how rapidly lead is moving, predict lead’s flight-
path, ther maneuver. When in lag pursuit, do not
allow your angle off to build excessively. Normally,
you will not spend much time in a lag pursuit curve,
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*Figure 8.17. Lag Maneuver iniu Lead'’s Turp Circle.

£.254.22.2 You may have to exagperate your
pursuit curves and adjust your power to remain
in the offset trail position. Normally you will stay
in an exaggerated pursuit curve for only a short
period of time. Remain below lead’s flightpath to
enhance your visibility in the event that lead turns
into you. From that position, a move to a lag
pursuit curve is the best sclution. Flying intentional
lag rolis is not a desired training objective.
Transitory periods in the leader’s high or low 6
o'clock position while maneovering is acceptable,
but the wingman should aveid stagnating in the
6 o'clock position and concentrate instead on
maintaining the 4%° aspect angle. This position
will challenge your knowledge of pursuit curves
as well as aspect and ciosure awareness, When you
determine you have met your learning objectives,
use the knock-it-off radio call and procedures
descnbed 1n paragraph 8.24 te cease mancsuvering.

£.25.4.2.2.3. As with other formation maneuver-
ing, cach pilot has the responsibility to take
whatever action is necessary to avoid a colhision.

Because of the dynamic nature of the offset trail

‘exercise, the problems of collision avoidance are

compounded and require uncompiromising flight
discipline, Either aircraft should use the knock-
it-off radio call as described in paragraph 8.24 10
cease maneuvering when any of the offset trail
parameters or rules of engagement have been
violated by either aircraft. This radio call should
also be made when any safety of flight conflict
exists.

8.26. Ciose Trail, Close trail is flown to demon-
strate flying in close proximity directly behind
another aireraft. Lead may imitiate the maneuver
from fingertip, echelon, ar raute.

8.26.1. Lead. Direct the wingman to the close trail
position with a radio call, “Curly, go close trail.”
Wait for the wingman to call in before maneu-
vering. Maneuvet in a smooth, predictable manner
and maintain positive G forces at all times. Avoid
sudden releases of back pressure and rapid turn
reversals, Power requirernents are identical to
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8.26.2. Wingman. Acknowledge the call to go close
trail, maneuver to the trail position, and use the
radio call, “Curly 2's in” when you are in position.
The proper close trail spacing is one to two aircraft
lengths (nose to tail) behind lead and just below
lead’s jetwash. Maintain this position primarily
through the use of power. However, when lead
is turning at higher G loads, you may need to use
a small amount of lead pursuit to maintain
position.

*8.26.2.1. Use the relationship between the tips of
lead’s horizontal tail and the underside of lead’s
wing as an aid in estimating nose and tail
separation. At approximately two ship lengths, the
tips will line up with the inside of the “U™ in
“USAF" on the left side and the inside of the
chevron on the right side (figure 8.18). At
approximately one ship length, the tips are in the
middle of the “U™ in “USAF” on the left side and
just inside the chevron on the right side. As a
vertical reference, place lead’s horizontal tail at
the top of the canopy bow. To prevent encoun-
tering jetwash, never fly higher than a position
where you can begin to look directly into lead’s
exhaust nozzles. As lead maneuvers, anticipate
power changes to prevent too little or too much
spacing.

EEhid o

*Figure 8.18. Close Trail.

8.26.2.2. Closure rates are difficult to determine
when directly behind lead. Therefore, if excessive
spacing exists, do not attempt to move forward
with power aione. Add power and establish a small
amount of lead pursuit while in a turn. If vou
are in a wings-level attitude, move off to one side
to obtain a better perspective of lead. Make a
knock-it-off call if you fall significantly out of
position. The two most important points to
remember are to remain below lead’s jetwash and
always keep lead in sight.
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*8.26.3. Termination. Close trail maneuvering may

be terminated by the lead or wingman when desired
learning objectives have been met. Lead will direct
the formation to rejoin to fingertip with a wing
rock or radio call. Lead should maneuver in a
smooth, predictable manner and avoid any
significant power changes until the wingman has
reached the fingertip position. The wingman can
direct maneuver termination by using the knock-
it-off call as described in paragraph 8.24.

8.27. In-Flight Position Changes. As the wingman,
before each formation flight, you are briefed on
the position you will fly. Maintain the position
assigned to vou for the duration of the flight unless
lead directs a position change. Position changes
will be made with the formation in wings-level
flight. To initiate the position change, lead directs
the wingman to route and calls or signals for the
position change. If lead uses a radio call, the
wingman acknowledges the call and becomes the
new lead at that time. If lead uses a visual signal,
the wingman acknowledges with a head nod and
becomes the new lead at that time. The position
change is not complete until the wingman has
acknowledged the position change. (The new
wingman stays in route until rocked back into
fingertip by the new lead.)

8.28. Airborne Formation Aborts. The primary
reason for formation flying is mutual support. This
applies to noncombat hazards too. If either
member of the formation must return to the airfield
prematurely, the other aircraft should normally
return also and provide any assistance required.
(Exceptions to this may be made by the IP if the
difficulty is routine and the field is in sight or if
the weather conditions would complicate a safe
formation return, etc.)

8.29. Descent and Landing:

8.29.1. During the letdowns, the speed brake may
be used at lead’s discretion. Once established at
pattern altitude for entry to the VFR pattern, all
turns away from the wingman will be echelon
unless briefed otherwise. Before initial approach,
lead positions the wingman on the opposite wing
from the direction of the break. Initial should be
long enough to allow the wingman to settle down
in fingertip before the break.

8.29.2. At the break point, lead should smoothly
turn to the downwind and delay retarding the
throttles until the turn is initiated. After lead’s
break, the wingman waits 5 seconds before
following. Attain spacing in the break and on
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downwind. On downwind, the wingman should be
slightly outside lead's flightparh.

8291 As the wingman, fly a normal contact
pattern. Each aircraft should be able to initiate
the final turn a1 the same point. However, do not
follow a pooer pattern flown by the aircraft ahead.
Go around if you cannot complete a proper
pattern. Each crewmember uvses his or her
individually assigned call sign for the gear check.
In crosswinds, lead normally jands on the
downwind side of the runway,

8.30. Instrument Penetration. Formation peneira-
tian procedures are the same as for a single ship
with the following exceptions. At the start of the
penetration, as a technique reduwce power ta 75
percent. As the airspecd approaches 200 knots,
extend the speed brake. Afier level off, use the
speed¢ brake and power as required to maintain
desired airspeed. Before starting the penetration,
position the wingman away from the direction of
the pepetration turn, v

£.31, Instrument Approsch. Lead positions the
wingman ox the upwind side of the landing ranway.
Use a visual signal or radic call for gear and [fiap
lowering, Transmit a gear down call either by the
lead aircraft for the flight or by each aircraft in
turn. Lead uses landing lights on final. Both aireraft
lower flaps as approprate for the situation. To
provide the wingman with a good power respouse,
lead normally uses full flaps. Maintain 110 knots
on the approach after configuring.

8.31. Wing Landing:

§.32.1. Maintain the normal fingertip position
during the appreach. After definitely breaking out
of the weather, but no later than 14 mile {rom
the runway, the wingman will spread laterally to
attain approximately 10 feet of wingtip clearance
and stack level with lead. Lateral spacing will
increase the wingman’s margin of safety if any
problems occur during touchdown and landing
roll.

£.32.2. When the formation definitely breaks out
of the weather and visual contact with the runway
can be maintained, lead lines up with the center
of gne side of the runway and plans the touchdown
approximately 1,000 feet down the runway.

8.32.3. As the flight approaches the overrun, the
wingman should begin 10 cross-check the runway.
Continue to fly off lead during the flare and
landing, but menitor the runway and flight

AETCM 3-3 Volume 2(C2) 14 April 1995

parameters to ensure a safe landing. Lead gradually
reduces power for the roundout. The wingman
must reduce power gradually with lead to avoid
falling out of position during the roundout and
touchdown. Onee on the runway, maintain your
side of the runway and use normal braking
technique tegardless of leads decceleration rate.
Pass lead rather than overbrake to maintain
position,

8.32.4. Initiate formation go-arcund, when
required, as early as possible. Lead should
smoothly add power to approximately 95 percent
rpo: and follow normal formation takeoff and go-
around procedures, If clearing the runway is
required, lead should confirm number two’s
position and ensure the wingman has safe altitude
and airspeed during maneuvering.

3.33. Formation Touch-snd-Go Landings. For-
mativn touch-and-go landings may only bhe
performed iz conjunction with pilot instructor
training (PIT). These landings aliow multiple wing
landings on a single sortie. Use extreme caulion
when flying formation in the overhead pattern.
Throughout the landing, use the procedures
covered in the wing landing section. On touch-
down, lead will retract the speed brake and advance
the throttles to 98 percent as in a normal formation
takeoff. The primary aim of number two 15 to
maintain good lateral separation during the
takeoff. Perfect fingertip is not a requirement. The
primary concern is to take off safely 50 another
formation landing can be made. Change lead only
when safely airboine with 150 knots minimum.
Under norma} conditions lead changes are made
on owside downwind.

Section C=Three- and Four-Ship Formations

£.34, Guidelines. Three- and four-ship formation
flying requires thorough plaoning and attention
to detail from preflight through postflight. All
members of the formation will be briefed and
thoroughly familiar with the proposed profile and
procedures. Due to T-37 engine response and
proximity of aircraft, lead must use smooth throttle
inputs and carefully monitor wingmen positions
during power changes. The basic formation
positions, references, techniques, and procedures
described for two-ship formation apply Lo three-
and four-ship formations as well, Airspeed for
rejoins will normally be 190 KIAS or as briefed.

w835, Deleted.
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w8.36. Runway Lineup. Figurz 8.19 depicts the
runway lineups for a four-ship takeoff. See AETCI
11-201 for runway width restrictions for each
lineup.

£.36.1. Normally, a formation will use the element
lineup depiction. Wingmen should be placed on
the upwind side of the runway just like a two-
ship formation. If crosswinds are not a factor, place
the wingmen on the inside of the first turn gut
of traffic. See figure 8.20. If critical field length
is not a factor, 500 feet of space between elements
can also be used as an option,

8.30.2. To establish the sloi lineup, lead will be
as farto the side of the runway as practical. Number
two will place the wingtip closest to lead on the
center line, Number three will line up with 10 feat
of wingtip clearance on number two, in cchelon
positivn (helmets of one and two aligned). Number
four will pull in betwesn one and two with wingtip
clearance, alighing to the appropriate formation
position on three. Four will pull forward enough
1o see three’s helmet, but before it is blocked by
two’s rudder. Four will not run up power unti]
one and two roll.

R.36.3. Tf the departure will necessitate turning
rejoin, numbers three and four must join to the
outside of the turn. Lead musi ensure pumber two
15 on the inside of the tum for the element rejoin
after safely airborne and cleaned up.

¥*8.37. Runup and Takeoffs. When ail aireraft are
in position, lead directs the engine runup. Use the
same runup procedures as in two-ship formation.
During individual takeoffs, numbers two, three,
and four may delay their runup a few seconds.
A three- and four-ship formation takeoff may be
accomplished by single-ship takeoffs with individ-
ual 1ejoins out of traffic or by ciement takeaffs.
Use 10 second {minimum) spacing between
individual aijeraft departures. Use l0-second
{minimum} spacing berween elements; however, il
element departures are used due to weather, use
spacing criteria as speeified in local directives,
Maintain fingertip until reaching VMC.

8.38. Takeoff Aboris. Each aircraft must be
prepared 10 react 10 any situation if a preceding
aireraft aborts. Options available are to either hold
pasition, abort, or continuc the takeoff as safety
dictates.

8,39, Join Ups. The type of join up will depend
on the local departure procedures. It may consist
of a turning rejoin, a straight ahead, or a
combination of both; and it must be briefed prior
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to departure. Normally, for join ups fellowing
element takeoffs, number three will send number
four 10 a route position, with a minimum spacing
of 100 feet, prior to rejoining on the jead slement.
Number four will fly a position off number three,
but will monitor the lead element throughout the
rejoin, During the rejoin, number three must avoid
sudden power changes and abrupt flight control
inputs. Each aircraft maintains a minimwm of 100
feet of separation until the preceding aircraft has
stabilized in route.

B.40). Twrns (From Takeofl}). Lead starts a turn
and mmaintains briefed airspeed until the formation
is joined. Wingman begins the turn no earlier than
the departure end of the runway. Each aircraft
individually joins in the turn. If the rejoin is
delayed, formation lead may roll out and call for
a strajght-ahead join up. Each formation member
plans the turn to cut off and intercept lead dunng
the turn out of traffic. The jein up should be readily
accomplished unless a formation member delayed
takeoff, did not use cnangh cutoff angle, or failed
to use sufficient power and (or) airspeed advancage
to complete the join up.

§.41. Straight Ahead (From Takeoff). Lead
maintains straight flight and briefed airspeed untl
the formation is joined.

8.42. Formation Positions. The following posi-
tions are approached primarily from the wingman’s
puint of view:

%8.42.1. Fingertip. Number {our’s position should

be determined, using the normal fingeriip refer-
ences relative to the number three aircrafi. If
number three is rough, number four should fly
a stable position on lead and constantly monitor
number three’s position (figures 8.2! and 8.22).

%8.42.2. Echelon. Echeion is a variation of fingertip

formation in which the second element aligns itself
on the same side as number two or vice versa
(figures 8.23 and 8.24}.

%8.42.2.1. Lead signals for echelon by dipping 2

wing in the desired direction. If lead’s wing dips
toward number twa, number two hoids position.
Number three and four move back and down (o
provide adeguate clearance from the lead element.
Number three (with number {our on the wing) then
begins to cross to an echelon position on the wing
of number two, keeping safe clearances, As number
three crosses behind lead, number four crosses
under to the new position on the other wing of
number three {figure 8 25).

%E.42.2.2. If the echelon signal 1s given toward the
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% Figure 8.20. Four-Ship Element Lineup for Crosswinds.

side of the second element, number three (with
number four on number three’s wing) moves out
and back and slightly down to make room for
number two. Number two maintains position until
the element has spread out. Once pumber two bas
determined the second element has made sufficient
room, number two executes a normal crossunder,
Kezp the element in sight until moving forward
on lead. Numbers three and four align themselves
with number two and lead. Smooth techmique by
numbers twa and three will prevent a crack-the-
whip on number four (figure 8.26). Except for very
gentle turns into the echelon, turns are aiways made
away from the echelon. Number three flies off of
number twa; and number four flies off of number
three, using normal echelon references.

8.42.2.3. Lead of a three-ship formation signals

for echelon by using the same procedures as in
four-ship formation; that is, by dipping a wing
in the desired direction of echelon. In three-ship
echelon, turns must be dirceted by radic call
{(“Curly, right turn™. If an echelon turn is not
directed, numbers two and three will maintain
fingertip references. Lead will dirgct the formation
back to the fingertip position with a radic call.
An aircraft or element that crossed under 1o form
the echelon will return to the original position by
executing another crossunder.

8£.43. Route. The purpose and parameters of a
four-ship route are the same as for a two-ship route.
Due to the decreased maneuverability of a {our-
ship route, wingman should favor the extended
fingertip line in level flight and may maneuver
behind the line to maintain spacing and sight of
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*Figure 3.22. Four-Ship Fingertip Formation in a Turn.
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wFigure 8.23, Four-Ship Echelon.

*Figure 8.24. Four-Ship Echelon Turn.

lzad. Flight lead may brief more specific parame-
ters for each mission, based on anticipated weather,
profile requirements, and {or} expenence level.

8.44. Rejoins:
8.44.]1. Turning Rejoins:

£.44.1,1. During four-ship turning rejoins, wing-
men will relay the wing rocking signal to the aircralt
behind them. Number twn always joins 1o the inside
of leads turn. Rejoin procedures for number two
are identical to the procedures described in the
twa-ship section. If number two is slow to rejoin,
it will complicate the rejoin for numbers three and
four. They will have to decrease airspeed and (or}
cutoff to maintain proper spacing on the preceding
aircraft.

8.44.1.2, Number three will always join to the
outside of lead’s turn. The basic rejein techniques

used by number threc are the same &5 those used
by number two; however, number three has the
additicnal responsibility of monitoring number
two and remaining aware of number four,

%.44.1.3. Number three should establish a normal
cutoff angle on lead no greater than the angle used
hy number twa. Accelerate to gain an airspeed
advantage on iead. Maintain a 100-foot clearance
(minimum) on the lead element until number two
it stabilized in route.

§.44.1.4. Number three shouid plan the rejoin to
pass at least two ship lengths behind and below
the first element as he or she moves to the outside
of the turn. Stabilize in route and slowly move
intc fingertip position on lead. Avoid abrupt
control pressure and rapid throttle movements if
number four has closed to minmimum distance
(approximarely 100 feet).
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§.44.1.5. Number four wilt also always join to the
outside of lead’s turn. Basi¢ rejoin techniques still
apply. However, number four must monitor
number three as well as the lead element during
regjoin, After receiving the rejoin signal, number
four begins a turp to establish a cutoff angle no
greater than number three or number iwo, while
accelerating to gain an airspeed advantage.
Monitor all aircraft in the formation as the rejoin
progresses. As number four, maintain this cutoff
angle on the lead element and number three, Plan
your rejoin to pass at least two ship lengths behind
and below the first element and number three as
you move to the outside of the turn. Stabilize in
route, and slowly move inta fingertip pesition on
number three,

£.44.1.6. If number thres is slow to rejoin, number
four should mainiain at Jeast a 100-{foot clearance
on nurmber three. This is a fluid position because
number four must use a combination of trail and
rejoin techniques while monitering both number
three and the lpad eiement. When number three
has stabilized 1n route on lead’s outside wing,
number four is cleared 1o join on three’s outside
wing.

8.44.2. Siraight-Ahead Rejoins. After completing
the pitchout, lead signals for a rejoin by rocking
the wings or making a radio call. The call wili
identify the side 1o which number two rejoins. The
second elerment always joins to the side opposite
number two. If rejoin airspeed is other than
prebriefed, lead announces the airspeed he or she
will hold for the rejoin. Wingmen will pass along
the wing rocking signal to the aircraft behind them.
Number three will turn slightly to join on the side
opposite number two, Clearances, techniques, and
procedures are the same as used by number two,
After receiving the rejoin signal and (or) radie call,
number four joins on number three on the side
opposite the lead element and maintains a
minimum of 100-fnot clearance on number three
until number three begins ciosing to fingertip on
lead.

8,45, Overshoot. As a member of a four-ship
formation, vou must Tecognize an overshoot
situation as soon as possible and make positive
corrections. Use power and (or) speed brake to
control excessive closure rates during rejeins,
Elertent leads will notify wingmen by radio if speed
brakes are to be used ("Curly 3, speed brake”).
This will alert a wingman who has already moved
to a position of a 100-foot cicarance that speed
brakes are being used.

§45.1. If an overshoot is appropriate, follow
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established procedures. Do not go belly up to lzad
in an effort to prevent an overshoot, Stay low
enough to keep the aircrafi ahead of you in sight
at all times. Go to the outside of the turn with
at least a two ship-length, nose-to-tail elearance
behind the aircraft ahead. Use speed brakes and
POWeT a5 necessary.

8.45.2. Once outside the turn, position yourself
vertically no higher on lead than the echelon turn
reference. The greater your avertake speed on the
gvershoot, the wider you must go to prevent
passing lead. As soon as you see you ar¢ On Or
dropping back through the echelon turn references:

£.45.2.1. As number two, clear to ensure sufficient
spacing on number three before returning to the
inside of the turn, reestablish yourself on the join-
up line, and complete the rejoin.

8.45.2.2. As number three, if number two over-
shoots, modify your rejoin by decreasing your
airspeed and cuteff to ensure adequate clearance
as number two returns to the inside of lead’s turn.

£.45.2.3. As number four, {ollow number three
whether number three is overshooting or adjusting
for a number two overshool. If number three is
overshooting, use good judgment and a combi-
nation of trail and rejoin techniques ta stay with
number three. Maintain a 100-foot clearance
(minimum) until number three is in route.

$.45.3. When executing an overshoot as number
three or four, use the same pracedures as deseribed
for a number two overshoot. However, when
stabilized on the outside of the turn, you must
determine whether it is more appropriate to remain
on the outside of the turn or return to the inside
to corapiete the rejoin.

8.46. Three-Ship Formation, Three-ship forma-
tion is usually the result of a ground or takcoff
abort. Lead will ensure aireralt in the flight are
renumbered. In three-ship formation, rejoins arc
practiced to the normal positions (number two 10
the inside and number threc to the outside) If
practice joining both aircraft to the outside of the
turn is desired, lead will direct both aircraft to
join to the outside. For straight-ahead rejoins, lead
may direet both aireraft 1o join to the same side.
When rejoining in this manner, use procedures as
described in four-ship rejoins for numbers three
and four.

8.47. Leaving Formation (Breaking Out). Leaving
formation is the same in three- and four-ship
formation as in two-ship formation, with the
{ollowing exceptions:
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8471, If pumber two or four breaks out of
fingertip formation, the remaining aircrafl
maintain their original positions on lead. If number
three leaves formation, nmumber four follows
number three at a safe distance to maintain element
integrity,

2472 When it is confirmed that a member has
left the formation, icad directs the rejoin to the
desired formation. An aircraft thar has left
formation does not rejoin uatil lead gives
permission by radio call and the call has been
acknowledged.

8.48. Speed Brakes. Speed brakes are lowered or
raised on verbal signal by lead, or element lead,
if required. Visual signals are generally not used
in four-ship {ormations. Do not raise or lower the
speed brake when the formation is in an echelon
turn.

*8.49. In-Flight Pasition Changes. Three- and four-
ship position changes are made from route fingertip
or route echelon. Proceduses t¢ be used must be
thoroughly reviewed in the formation briefing. The
most commonly used method is for lead 1o direct
the formation to go to route with the radio call,
“Curly, go oute.” The wanginen acknowledge and
move 1o reute. After the formation is stable
the route position, lead will call for the position
change, “Curly, position change.” The wingmen
wiil acknowledge. The oid lead retains lead
responsibility until the position change is acknowl-
edged by all wingmen. The new lead will coafirm
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the new formation positions with a radie call,
“Curly, ¢heck,” before reforming the formation to
fingertip and beginning other mansuvers.

§.49.1. Four-ship position changes:

8491 1 During position changes from route
fingertip, number three always becomes new lead,
number four becomes number two, icad becomes
number three, and number iwo becomes number
four (figure 8.27).

8.49.1.2. During position changes from route
echelon, the original lead either becomes number
two ot number four, as briefed. When the original
lead becomes number two, the original number
two becomes lead and numbers three and four keep
their previous positions (figure 8.28). When the
original lead becomes number four, number two
becomes lead, number three becomes number two,
and number four becomes number three (figure
8.29).

8.49.2, Three-ship position changes:

£.49.2.1, During position changes from route
fingertip, lead becomes number two, number two
hecames number three, and number three becomes
lead. The new number two moves back with the
new number three into echelon position (figure

£.30).

£.49.2.2 During poesitien changes from route
echelon, the original lead either drops back to the
route fingertip number two position or drops back
and crosses behind the flight to the number three
position.
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gentle Iazy-eight-type maneuvers while maintain-
ing your airspeed between 150 and 230 KTAS and
lirnting your pitch changes to £:20°, Reverse your
mrn as necessarv for area orientation and to
enhance the wingman's training, but never
maneuver in an unpredictable or abrupt manner.
likewise, never maneuver to intentionally farce
the wingman forward of your 3-9 line. As with
the nonmaneuvering setup, remain aware of the
wingman’s position. Never reverse your turn
without visual sight of the wingman.

8.54.2. Wingman. Use the same basic principles
and techniques discussed under the nonmansuy-
ering setup. Realize that as lead maneuvers and
reverses the direction of turn, you must anticipate
the need for corrections. You may have to
exaggerate your repositioning maneuvers in order
to remain in the fluid maneuvering envelope.

a5

8.55, Maintaining Sight of the Wingman. As lead
you need to turn your body around to keep sight
of your wingman as much as possible while stil}
flving the set parameters, Momentary lost-sight
sitwations will occur, During the mancuver entry,
lead may lose sight ¢f the wingman. Lead should
look between the 0° and 45° aspect lines to
reacquire the wingman. If lead cannot reacquire
sight of the wingman, follow the lost-sight
procedures in paragraph 8.23.

8.56. Collision Avoidance. As with all other
formation maneuvering, each crewmember has the
responsibility to take whatever action is necessary
io avaid a collision. Because the nature of the fluid
mancuvering exercise is dynamic with ever-
changing aspect angles, angles off, and closure
rates, the problem of collision avoidance s
compounded and requires uncompromising flight
discipline.
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INSTRUMENT FLYING

9.1. Instrument Takeoff (ET0) and Climb. The
ITO is taught so you will attain proficiency in
takeoff without tatal reliance on references outside
the cockpit. With practice, you will be able to
transition smoothiv and safely from outside visual
references to instruments if you encounter
restricted visibility during or shortly after 1akeoff.
It is rarely necessary to make a takeoff using
instruments only. Even during low wvisibility
conditions, visual references such as runway lights,
center line, or runway edges are usually visible.
During an actua] ITO, the visual references used
will become a part of the instrument cross-check.

9.1.1. Perform an ITQ in a definite sequence.
Yearning the procedures well before flight will
allow vou 1o devete more atlention to the cross-
check and aircraft control. Perform the lineup
check from the T-37 flight-crew checklist. Adjust
the attitude indicator so the miniature aircraft is
supcrimposed on the horizon bar. Maintain
runway alignment with nosewheel steering until
the computed nosewheel lift off airspeed. As you
rotate at this speed, release the nosewheel steering
and maintein runway alignment with rudder and
ailerans. Establish a takeoff attitude, using outside
and instrument indications. Raise the pitch attitude
on the attitude indicator approximately 5° and
continue to maintain a constant heading.

9.1.2. When the aireraft leaves the ground, control
the pitch-and-bank attitude, using outside refer-
ences and the attitude indicator. When the
altimeter and VVI indicate a positive climb
indication and at a minmnwm of 100 knots, call
gear clear and retract the gear. When the gear
handle is up and you have a minimum of 110 knots,
retract the flaps.

2.1.3. Maintain wings level and a 5° nose-high
mdication to establish a definite rate of climb. Trim
to relisve stick pressures, and cross-check the
altimeter and ¥VI for climbing indications.
Maintain this atticude until you reach climb
airspeed {180 knots to 10,000 feet and 160 knots
above 10,000 feet). Nonstandard climb gradients
on published deparinres may require you to adjust
these procedures. If flyiag mulipls Instrument
approaches, use 160 knots for the climb after
takeoff.

9.1.4. The rate at which vou transition entirely to
instruments will depend on the rate at which you
lose outside references. Make the first turn on an
instrumeni departure procedure at a safe awrspeed

and a minimum of 400 feet above the aerodrome
elevation unless otherwise directed. Use a max-
imum bank angle of 30°. Additional information
on performing the ITQ is in chapter 8 of AFM
51-37.

9.1, Level Off. If ar IFR departure necessitaies
leveling off at an intermediate aliitude before
continuing the ¢limb to final altitnde, level off at
and maintain tech order airspeed for that altitude.
Level off at cruising altitude at the airspeed
specified by your instructor. To level off at an
airspeed below tech order, lower the nose to level
flight and retard the throtiles sufficiently to reduce
the airspeed. The magnitude of the airspeed change
will determine your power setiing. As you
approach the desired airspeed, adjust power as
necessary to maintain it. To level off at an airspeed
higher than climb speed, leave powser at military
until approaching the desired airspeed, and then
reduce the throttles to the power setting that will
maintain it. The magnitude of any power change
will determing ihe lead point for advancing or
retarding the throttles,

9.3, Turns and Turns to Headings. In jet aircraft,
it is possible but impractical to maintain a constant
rate of turn using the turn needle. This is especially
truz al higher altitudes and under instrument
conditions in turbulence. Use the turn needle only
in an emergency; use the attitude indicator for bank
control in all trns.

%.3.1. Normal Turns. For a normal turn, use 3)°
of bank.

9.3.1.1. Enter a turn by applying steady coordi-
nated pressure on the aileron and rudder in the
direction of the turn. Refer to the attitude indicator
to control bank. In level turns, maintain a constant
aititude and airspeed by cross-checking the attitude
indicator and performance instruments.

9.3.1.2, Increase the pitch attitude as necessary 10
coumeract the loss of lift when the aircraft is
banked. Apply corrective pressures only when the
flight instruments indicate deviations. The cross-
check is basically the same as that used for straight-
and-level flight.

%.3.1.3. When the desired level of bank is reached,
it may be necessary to exert slight aileron pressure
in the opposite direetion. This prevents the bank
from increasing beyond the desired amount.
Maintain an exact angle of bank.
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9.3.14 Adjust the power to hold a constant
airspeed. As the bank 1s established, a small
increase in power is usually required.

9.3.1.5. Reverse these procedures to return to
straight-and-leve] flight. As the miniature aircraft
on the attitude indicator approaches wings level,
resume a normal flight cruss-check angd return the
power te the level flight rpm.

9.3.2. Turnsto Headings. Enter 2 normal turn with
smoath and coordinated control pressures. Start
the rollout before reaching the desired heading
because the aircraft will continue to turn as long
as the wings are banked. Pilot technique determines
the lead point oh the heading indicatar. As a
starting point and guide, use one-third the angie
of bank as the number of degrees to lead the desired
rollout heading. Develop a consistent roll-in and
rollout rate. Make no attempt to play the rollout.
If you miss your heading after rollout, change the
lead point until you determine the proper amount
needed. Ii the number ef degress 10 be turned is
less than 30°, the angle of bank should not exceed
the number of degrees 1o be turned. If the number
of degrees to be turned exceeds 30°, ase a 30°
bank. Precise turns to headings are required in
actual instrument flight., The success of an actual
instrument approach depends on turning to and
maintaining specified headings.

9.4. Steep Turns. A turn with greater than 30°
angie of bank is seldom advisable when flving on
instruments. Practice steep turns at 45° or 60° of
bank at both normal and high cruisc airspeed.

G.4.1. Enter a steep turn by applving steady,
coordinated control pressures in the direction of
the turn. The attitude indicator is the pitch and
bank control instrument. Use the tachometers to
control airspeed. The performance instruments will
indicate the need for corrections.

9.4.2. It is more difficult {0 control the pitch
attitude in steep turns because of the greater loss
in vertical lift with the inereased bank angle. There
is a tendency to lose altitude in steep turns so take
corrective action as seon as vou detect the need.
Remember, the fuseiage of the miniature aircraft
must be kept sliphtly above the straight-and-level
position. After making the attitude change, check
the altimeter and VVI to determine whether the
carrection was adequate. The etfecis of precession
and G forces on sume attitude indicators in a sieep
turn add to the difficulty of maintaining the desired
attitude.

943 The maximum precession usually occurs
after 180° of turn. You can munimize G forces
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if yon don* allow the vertical velocity to go below
rero. Den't arbitrarily pul in a correction before
the need arises, but do anticipate the changes in
pitch. Since any back stick pressure involves an
incrense in the AQA, the drag increases and the
airspoed decreases. The tendency is noticeable 1n
normal turns, but increases markedly as the bank
increases, Therefore, as you enter the steep turn,
anticipate the addition of power to maintain a
constant airspeed.

944, Use a constant angle of bank durnng steep
tuns. Correct altitude by adjusting the pitwch
attitude. However, if losing or gaining excessive
altitude, make a corresponding decrease orincrease
in bank to help correct the pitch attitude. With
practice, vou will learn to do sieep turns without
varying the bank.

9.4.5. Power contrel is much more critical in a
steep turn than a normal turn. Because of the back
prassure required te counteract the loss of vertical
lift, the airspeed will dissipate more rapidly than
normal as you enter the steep turn. It will also
build more rapidly as you roll out. Return to
straight-and-level flight smoothly using mormal
rate of rollout, The vertical Lift will increase during
the rellout, and the aircraft will tend to climb.
Make pitch corrections as soon as they are nesded.
Readjust the power to maintain airspeed. A
reduction of power 18 DeCessary as s00n as you
nitiate rollout,

9.5, Airspeed Changes:

9.5.1. Establishing and Maintaining Airspeed. To
establish and maintain an auspeed, refer to the
airspeed indicator and adiust the power or aircraft
attitude. A knowledge of the approximate power
required to establish a desired airspeed will aid
in making power adjustments. Arer vou establish
the approximate power setting, cross-check the
airspeed indicator to see if vou need additional
power adjustments. Make it a point 1o learn the
approximate power settings for various airspeeds
and configurations throughout a normal mission.

9.5.1.1. When you observe an airspeed deviation,
correct as necessary with power and pitch. For
example, if you are below the desired altitude and
fast, a pitch adjustment may cotrect both the
airspeed and the altitude. Conversely, a pitch
adjustinent made at a desired airspeed will induce
the need for a power adjustment. This is more
noticeable at slow airspeeds.

9.5.1.2. To change airspeed in straight-and-level
fhght, adjust the power and {or) speed brake. To
increase airspeed, udvance the power bevond the
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setting required to maintain the new airspeed. As
airspeed increascs, the aircraft gains lift and will
have a tendency to climb. Adjust the pitch atiitude
to maintain altitude, When the airspeed
approaches the desired indication, reduce the
power to an estimated setting that will maintain
the new airspeed.

9.58.13, To reduce airspeed, retard the power
below the setting for the new airspeed. As the
airspeed decreases, the aircraft loses lift and will
have a tendency to descend. Adjust the piteh
atiitude to maintain altitude. When the airspeed
approaches the desired indication, advance the
power to an sstimated setting that will mainiain
the new airspeed, You may use the speed brake
for large or rapid airspeed reductions. It is best
ic reduce the power 10 the estimated setting and
then extend the speed brake. Approaching the new
airspeed, retract the speed brake and adjust the
power if required,

9.5.1.4. Airspeeu changes require a rapid cross-
check and good pitch control. Referring to the
attitude indicator, altimeter, and VVI and using
ttim during these changes will aid in controlling
the aircraft attitude.

9.5.2. Change of Airspeed in Turns, The proce-
dures for making a change of airspeed in turns
are the same as for airspeed changes in straight-
and-level flight. Airspced changes in turns are
taught to speed up your cross=-check and improve
your agircraft control. Your instructor may vary
the amount of turn v give you practice in roliing
out before, after, and as you reach your target
airspeed. The use of trim is very impottant during
airspeed changes. Along with your cross-check,
trim will aid in maintaining altitude while you
adjust airspeed.

9.6. Constant Airspeed Climbs and Descents.
Many instrument flight procedures require
constant airspeed climbs and descents. Perform
climbs and descents at low, normal, or high cruise.
If a change in airspeed is necessary, you should
normally make the change before starting the
maneuver,

9.6.1. Constant Airspeed Climbs:

9.6.1.1. To enter the ¢limb, simultaneously
increase the power and adjust the pitch on the
attitude indicator to maintain the desired airspeed.
Only a slight amount of back pressure Is necessary
to change {rom level flight to a climbing attitude.

9.6.1.2. Once you establish the climb, your
instructor may have you change the pitch attitude
so the airspeed is 2 to 5 knots jow. You will note
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a definite change on the VVI, Use this knowledge
as an aid to maintain a constant airspeed. To regain
2 knots, adjust pitch to change the vertical velocity
by approximately 100 fpm (or by 200 fpm to regain
5 knots). In climbs, as in level flight, use the VVI
as an ajd in pitch control.

9.6.1.3, To make a level off ar a predeiermined
altituds, refer to the altimeter for a lead point.
A technique for determining the amount of lead
10 usc on level offs (climbs and descents) is 10
percent of the vertical velocity indication. As vou
start the level off, reduce the pitch attiiude by
reference Lo the attitude indicator and adjust power
to maintain airspeed,

9.6.1.4. To attain level-flight attitude, cross-check
the altimeter and VVI to determine if the pitch
attitude is approximately correct for level flight.
Use power as necessary 1o maintain airspeed, and
adjust pitch to maintain altitude. It may be
necessary to trim slightly during and after the level
off.

9.6.2. Constant Airspeed Descents:

9.6.2.1. To enter the descent, reduce the power
and adjust the pirch anitude on the attitude
indicator, The amount of pitch change will vary
with airspeed and power sctting. Maintain the
desired airspeed during the entry. Use the VVI as
an aid in maintaining airspeed as previously stated
in constant airspeed climbs, Use the speed brake
lo expedite a constant airspeed descent. This will
require larger pitch changes.

0.6.2.2. To level off, retract the speed brake, if
extended, adjust the pitch attitude for level flight,
and sirnultaneously adjust the power (o mainiain
the desired airspeed. Do this when yvou reach the
lead point for the level off. Reser the power and
pitch for level flight, using the altimeter and VVI.
Then resume a normal cross-check for straight-
and-leve] flight.

9.6.3. Constant Airspeed Climbing and Descend-
ing Turns. Simullaneousiy use the technigues 10
establish the bank for a level turn and the pitch
for a straight climb or descent during the entry
to a constant airspeed climbing or descending turn.
Level off as in straight climbs and descents.

9.7. Constant Rale Climbs and Descents. Injtially
enter constant rate climbs and descents from level
flight, maintaining an airspeed of 160 knots and
a vertical velocity of 1,000 fpm. If a change of
airspecd is necessary, make the change before
starting the maneuver. As proficiency increases,
perform rate climbs and descents at different
alrspeeds, vertical velgeities, and configurations.
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9.7.1. Constant Raie Climbs. To enter the climb,
simuitanecusly advance power to the approximate
climb power serting. Adjust pitch to the proper
attitude to rmaintain airspeed. After the vertical
velocity stabiizes, readjust your pitch and rpm as
necesszry (o maintain the desired vertical velocity
and airspeed. Maintain heading with the heading
indicator. Any deviation from the desired rate of
climb on the VVI indicates a need for a change
n the pitch attitude. Coordinate pitch and power
:orrections ¢losely, For example, if the vertical
/elocity is correct but the airspeed is high, reduce
the power. As power is decreased, increase pitch
slightly to avaid a decrease of vertical velocity.
Leve] oif from a rate chimb 15 the same as level
off from cons:ant airspeed climbs,

9.7.2. Rate Descents, The technique and cross-
check are cxactly the same as those used for climbs.
The only differences are the pitch attitude and
power setting. Level off from a rate descent 15 the
same as from constant airspeed descents. Rate
descents have many practical applications in
instrument flight procedurcs. Radar and ILS
approaches require rate descents during the final
approach. The precision with which you pedform
a rate descent could mean the difference between
breaking out of & low ceiling and landing or
executing a missed approach.

9.8, Instrument Slow Flight. Before performing an
instrument approach, you may practice instrument
slow flight to become familiar with aircraft
handling characteristics. Practice instrument slow
flight at airspeeds and configurations specified for
an instrument final appreach. This exercise may
also be used 1o become familiar with the aircraft
handling characteristics during visual siraight-ins.

9.9, Vertical-5 (A-B-U-D). These maneuvers are
designed 1o improve vour instrument cross-check,
including pitch, bank, and power control. Proce-
dures for maintaining the descent or climb are
cxactly the same as those fot constant rate climbs
and descents. Establish a climb or descent at a
rate of 1,000 fpm. Pitch and power cocrdinatton
are essential. The lead poiat for a level off from
a cimb or descent is used as a starting point for
the reversal in vertical direction after each 1,000-
faot change of altitude. The use of trim increases
the ecase of awrcraft control. A rapid cross-check
is pegessary during the changes in vertical direction.
You must anticipate the need for a power change
before reaching the 1,000-foot point because you
cannot stop the vertical velacity in an instant. Use
power as necessary to maintain 160 knots
throughout the maneuver, Accomplish the vertical-

99

S ABC, and D as deseribed in AFM 51-37,
paragraph 2-4.

9.10. Confidence Maneuvers. Confidence maneu-
vers are taught to show that an aircraft can be
flown safely through extreme attitudes by reference
16 instruments. The attitude indicator is the most
useful instrument in extremc piteh and bank
attitudes. Before performing these maneuvers,
check that loose equipment is stowed and ensure
the boost pump is operating, I flown in a senes,
you do not have to check these items beiween
individual maneuvers.

9.10.1. Aileron Roll. With power at 90 percent,
lower the nose to attain an eatry airspeed of 220
knots. Accomplish the mareuver as described in
AFM 51-37, paragraph 2-5b.

9.10.2. Wingaver. With power at 90 percent, lower
the nose to attain an entry airspeed of 220 knots.
Accomplish the maneuver as described in AFM
51-37, paragraph 2-5a.

9.11. Unusuzl Attitudes. An vnusual attitude s
any unexpected or inadvertent attitude which is
encountered but not required for normal instru-
ment flight. Some possible causes of unusual
attitudes are slow cross-check, spatial disorienta-
tion, turbulence, transition from VIR to IFR, and
extreme attitudes resulting from combat tactics.

9.11.1. Use the attitude indicator as the main
recovery instrument after venifying it is operating
properly and an unusual attitude exists. Do this
by comparing control and performance
instrumenzs.

9.11.2. Rank intcrpretation and centrol response
art most important in recovering from unusual
attitudes. In high performance aireraft, an inverted
diving attitude is the most critical situation. Froper
bank correction to return to right side up is
mandatory; you must initiate it before pitch
correction. From inverted (beyend 90° of bank)
diving attitudes, the aitrcraft must first be rolled
to less than 90° of bank to avoid excessive loss
of altitude or exceeding design limits.

9,11.3. From steep climbing attitudes the aircraft
must be rolled toward a 90° banked attitude to
allaw the nose to slice smoothly 1o the horizon
to avoid stalling ar negative Gs. By rolling toward
the 90° bank attitude, the nose wili fall natrally
to the horizon and ¢nough back pressure can be
held to keep you comfortably in your seat.

9.11.4, The initiai recovery is made by referring
to the attitude indicator. As long as the hosizon
bar is visible on the ARU-42A; ARU-44A, similar
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indications of attitude can be observed. However,
in extreme pitch attitudes, the horizon reference
goes out of sight. If the nuniature aircraft has a
black background, you are diving; a grey back-
ground means you are climbing. In other than
extreme piich attitudes, the background coloring
and lettering (elimb/ dive) can be used to determine
if you are upright or inverted.

9.11.5. If the aircraft is diving, roll {or continue
the roll) toward wings level, adjust power and
extend the speed brake as appropriate, and return
to level flight. If you are inverted, back pressusre
will only increase the loss of altitude; therefore,
hold only encugh back pressure 10 keep well seated
until the bank is less than 90°.

9.11.6. If the aircraft is climbing, use power as
required and roll {or continue to roll) Lo bring
the bank pointer toward the nearest 90° bank index
mark. Maintain the bank and back pressure to
remain well seated. As the fusclage dot of the
miniature aircraft approaches the horizon bar,
adjust bank to establish a wings-level attitude.
Adjust pitch as necessary, depending on airspeed,
to regain straight-and-level flight; and complete
the recovery with minimum altitude [oss. In some
cases, recovery can be made before reaching 90°
of bank. Thit recovery is similar to the wingover
maneuver,

9.11.7. Recovery from unusual attitudes on partial
panel (without the attitude indicator) is an
emetrgency procedures, Refer to AFM 51-37 for this
procedure,

9.12, YOR Orientation. Previously, most of your
instrument flying has been basic instrument
maneuvers. They have been performed with no
specific relation to z fixed ground reference, The
VOR provides a fixed reference from which these
basic mansuvers can be performed in a planned
sequence. The maneuvers and procedures
explained in the remainder of this chapter are used
to arrive at a definite fix and, il pecessary, 1o hoid
at a fix until the coatrolling agency can clear you
for an instrument approach and landing. Infor-
mation for operation of the equipment may be
found in section one of the flight manual for T-
37B aircraft, Procedures for time-and-distance
check, homing, course interception, maintaining
course, and station passage are in AFM S51-37.

9.13. DML Orientation. Distance measuring
equipment (DME) extends the instrument capa-
bilities of the T-37 aircrafi by providing ¢ontinuous
slant-range distance information. It also permits
position arientation, groundspeed checks, arcing,
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proceeding direct te a radial or DME fix (fix to
fix), and improved instrument guidance when
flying VOR. or DME and VOR and tactical air
navigation (TACAN) (VORTAC) approaches.
Detailed procedures far using the DME are in
AFM 51-37. Remember, the distance displayed on
the DME indicator is the slant-range distance
between the aircraft and a TACAN or DME
station, not a VOR station. You are receiving
course guidance from ope station and DME
mformation from another, but these two stations
may ©r may not be collocated. Imstrumeni
approaches using VORTAC, but designated
TACAN, should not be flown because the VOR
portion has not been flight checked.

5.14. Instrument Departures. Although veu are
normally provided radar vectors during instrument
departures, published standard instrument depar-
tures (SII)) are usually provided to expedite traffic
flow if departure control radar malfunctions. These
SiDs afford a safe and fast method for aircraft
to transition from the takeoff leg to IFR altitudes
and routes. Your IP will have you practice
instrument departures during advanced instru-
ments. Normally, you will use tech-order climb
during departures, and any intermediate level offs
will be flown at the tech-order climb speed for
that altitude.

%.15. Holing. Procedures for emtenng, holding,
and leaving the holding patern are described in
fiight information publication’s (FLIP) Gereral
Planning, AFM 51-37, and the flight manual. Use
160 knots for holding at all altitudes, To descend
in the holding pattern, adjust the power as required
(speed brake opticnal) and maintain 160 knots.

9.16. Jet Penetrations and Descents. 1n instrument
flying, two methods are used 1o depart the en route
structure and prepare for the final approach and
landing. One is the jet penetration, which vses a
published descent specifving altitudes and courses.
The other is the en route descent, which is not
published but is requested from the controlling
agency. The pilot decides to use one or the other
based on many factors.

9.16.1. Peneiration:

9.16.1.1. Entry airspeed for penetration will
depend on whether penetration is started on station
passage from en route cruise or a holding pattern,
I{ holding is not reguired, reduce to penetration
airspeed or below before crossing the initial
approach fix {IAF). If holding is required, entry
airspeed 1s holding pattern alrspeed.
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9.16.1.2. Complete the descent check before
departing the 1AF. Alse, ensure you are familiar
with the minimum and emergency safe altitudes,
field elevation, and other recovery information
{weather, alimeter setting, type of approach, etc.).

9.16.1.3. To initiate the penetration, simultane-
ausly reduce power to 65 percent and lower the
nose of the aircraft 1o approximately 10° nose low
on the attitude indicator until the airspeed
approaches 200 knots. Ther extend the speed
brake. Trim to relieve pressure during this
procedure and maintain 200 knots. Another option
is to use idle power, no speed brake, and maintain
approxumately 10° nose low. Use the speed brake
to prevent exceeding 250 knots below 10,000 feet
MSL. If a penetration turn is required, use 30°
of bank. However, you may decrease bank to keep
{rom undershooting the inbound course.

9.16.1.4. Monitor the aliitude carefully during
penetration. Because of the high rates of descent
associated with this phase of flight, you can easily
misjudge the alutude and misread the altumeter.
Carefuily cross-check all needles and counterdrums
on the altimeter to prevent misreading the
instrument by 1,000 or 10,000 feet, the two maost
COMMON §ITOTs.

9.16.1.5. You may want to decrease the rate of
descent as vou approach level off alutude, To do
§0, decrease the pitch atitude and allow the
airspeed to decrease. When you reach a normal
lead point for level off, smoothly adjust the pitch
to level flight and adjust power and speed brake.
If you need 1o slow to gear-iowering arspeed
immediately after level off, leave the speed brake
extended (if desired).

9.16.1.6. Refer to AFM 51-37 for procedures for
intercepting inbound courses. The T-37 flight
manual contains recommended single-engine
procedures, DO NOT transmit the gear down call
untjl the gear is DOWN AND LOCKED. During
normal teardrop VOR penetrations, use the above
procedures which are designed to comply with
descent gradients and altitude restrictions, They
wilt allow you to remain within the specified
distance from the facility. During penetrations that
use DME, vou may alter these procedurcs as
necessary io comply with altitude restnictions.

9.16.2. En Route Descent. You will frequentiy use
an en route descent instead of a published
penetration from an cn route altitude to a final
approach fix (FAF). It is a simple procedure which
expedites alr traflic movement. Airspeed, power
settings, and speed brake are opiional during an
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en route descent. Vary their use to comply with
controller instructipns. Fuel consumption is an
important planning consideration. Refer to AFM
51.37 for specific instructions regarding this type
of instrument descent, Before performing an en
route descent, make sure you are familiar with the
minimum and emergency safe altitudes, field
elevation, lost communication proccdures, and
other associated recovery information.

9.17. Final Approach, The en rouie descent or
penetration from en route altitude will lead you
to an insiroment approach procedure. These
approaches are [ound in FLIP or your local in-
flight guide, AFM 51-37 has basic procedures for
all types of approaches. Reference the T-37 flight
manual for emergency procedures.

8.17.1, The airspeed for all instrument final
approaches (other than crosswind or emergency
eonditions) is 110 knots. Configuration is landing
gear, landing Lights, and 50 percent flaps down
with speed brake optional. Configure, slow to 110
knots, and complete the before-landing check
before initiating the final approach pani of the
approach procedure. This is before glide path
interception on precision and visual approaches
and before the FAF on nonprecision approaches.
With crosswind or gusty wind conditions, config-
ure using flap settings and airspeeds used on final
during contact conditions. (For configuraiion
purposes, the FAF on an airport surveillance radar
{ASR) approachis the point at which the controller
directs descent lo the minimum descent altitude
{(MDA).)

9.17.2. The transition to landing phase begins
when visual contact is made with the runway
environment. You may maintain the instrument
glide path io landing or transition to a visual glide
path such as the VFR overhead patiern. In either
case, you have the option of extending the speed
brake and {or) lowering full flaps when the
situation warrants. When lowering flaps to 100
percent, slow o 100 knois.

9.17.3. In lower ceiling and visibility situations,
be sure to establish adequate visual references with
the runway environment before transitioning 10
a visual glide path. Do not duck under or set up
a high sink rate which will result in a short or
hard landing. See AFM 51-37 for further infor-
mation on “duck-unders” and illusions during
instrument transitions to landing.

9.18. Circling Approach. A circling approach is
a visual flight maneuver flown at the completon
of an instrument approach 10 align the aircrait
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with the landing runway. Use it when conditions
such as wind, minway closure, ete, mle out a
straight-in approach. Many variables exist in
executing a circling approach. Consider airfield
obstructions, weather, aircraft turning perfor-
mance, and cockpit visibility in your preflight
planning.

9.18.1. While maneuvering at circling MDA, the
visual cues for runway displacement will be
considerably different than those commoniy used
in the overhead pattern. Because the circling
appreach is generally flown at a lower altitude than
the overhead pattern, proper displacement will
appear ta be mmuch wider than normal. A technique
that works well when circling at approximately
500 feet AGL is 10 put the wingtip on the landing
runway. Remember to compensate for the existing
winds and avoid excessive bank and back pressure.
If any unfavorable situation develops during the
approach, don’t compromuse safety, imitiate an
immediate go-around or missed approach.

9.18.2. Fly circling approaches at 110 knots with
half {laps, gear, and landing lights. Extend the
speed brake and additional flaps on base leg or
final, if desired. Maintain 11 K1AS on base and
final. Hf visibility permits, attemapt 1o establish a
nermal final approximately 14 mile from the
runway. (Slow to 100 knots on final if full flaps
are used.) Additional procedures for executing 2
circling approach are in AFM 5137 and the T-37
Dash 1.

8.19. Landing. The primary purpose in performing
any instrument approach is 1o iand. The transition
from instrument to visual references to complete
the landing is eritical. AFM 51-37 contains
infortnation about landing from instrument
approaches which you must completely under-
stand. You may elect to increase the flap setting
and fower the speed brake when transitioning 10
a visual glide path for the landing.

9.20. Missed Approach:

9.20.1. Execute a missed zpproach any time you
cannot complete a safe landing from an instrument
approach. Advance the throttles to military, and
reiract the speed brake. Establish a climbing
attitude on the attitude indicator that is §¢ above
your existing level-flight reference. Cross-check the
V¥ and the altimeter for climbing indications.
When definitely climbing, raise the gear and flaps
and turn off the landing lighis. If an immediate
turn is necessary, ensure you have a safe airspeed.

9.20.2. Ensure & positive climbing attitude is
maintained. When the airspeed reaches 160 knots,
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adjust the power and the pitch as required.
Maintain a constant airspeed climb until reaching
mussed approach altitude. Cross-check all instru-
ments to ensure the proper heading and climb are
maintained, Level off and maintain a minimum
of 160 knots if successive approaches are desired
or accelerate to tech-order airspeed if diversion
is necessary. Follow the missed approach proce-
dure until you have coordinated for another
clearance; then follow all instructions given by
approach control or ATC.

9,21. Voice Procedures. Air-1o-ground commun-
ication is almost wholly dependent on usc of the
voice. Control of air traffic lacally and along the
aitways is predicated entirely upon voice commun-
ication. With the ever-increasing amount of air
traffic, there 15 a corresponding increase in the
number of voice transmissions required to control
the traffic. Good voice procedures, therefore, are
not merely desirable, but mandatory. Refer to
FLIP General Planning for voice procedures,
position reporting, and phraseology.

%.21. Spatial Disorientation Maneuvers. The
spatial disonientation maneuvers listed below have
been selected because of their relation Lo normal
wnstrumeent or turbuleni flight, These maneuvers
should be simulated and practiced only under
direct supervision. More violert and prolonged
maneuvers may have a disarienting effect.
However, they arc not the type of maneuver or
situation likely to be inadvertently encountersd.
To understand spatial disonentaticn, carefully
study AFM 51-37, attachment 2.

9.21.1. Sensation of Climbing While Turning:

G22.1.1. Demonstration. Fhis sensation can be
induced by having the pilot’s eyes closed while the
aircraft 1s in a straight-and-level attitude, With 2
relatively slow entry, the supervisory pilet should
execute a wellcoordinated 90° turn, using zbout
1 positive G. While the aircraft is turning under
the effect of positive G and with the pilot’s eyes
still closed, the supervisory pilot shauid ask the
pilot’s impression of the aircraft attitude. The vsual
sensation is that of a chmb.

9.22.1.2. Correlation under actual instrument
conditions. If the aircraft enters a slight, coordi-
nated turn in either direction while the pilot’s eves
are diverted away from the instruments, the
sensation of 2 nose-up attitude may occur. If the
angular acceleration in the turn is too little to
stimulate the inner ear, the change in G force
caused by the turn 15 the only sensation perceived.
Positive G is usually associated with a climb;
negative G with a dive pr nose over,
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9.22.1, Sensation of Diving During Recovery
From & Tourn:

9.22.2.1. Demonstration. This sensation can be
created by repeating the turning procedure
described in paragraph 9.12.1 except the pilot keeps
his or her eyes closed unul the recovery from the
turn 15 approximately one-half completed. While
the recovery is being execured and with the pilot’s
eyes still closed, the supervisory pilot should
ohserve the pilot’s unpression of the atrcraft
attitude. The usual response is that of the aircraft
descending.

§.22.2.2. Correlation under actual instrument
conditions. If the pilot’s eves are diverted from
the instruments during a turn under instrument
conditions, a slow recovery will eause the body
to perceive anly the decrease in positive G force.
This sensation causes the pilot to believe the
aircraft has entered a descent.

9.22.3. False Sensations of Tilting to Right or Left:

222.3.1. Demonstration. This sensation may be
induced {rom 3 straight-and-level artitude with the
pilot’s eves closed. The supervisory pilot should
maintain wings level and use the right rudder to
produce a slight skid to the left. Theusual sensation
is that of being tilted to the right.

9.22.3.2. Correlation under acteal instrument
conditions. If the pilot's eves are momentarily
diverted trom the instruments as a skid to ome
side ocours, a false sensation of tlting the body
1o the opposite side may ocenr.

9.21.4. Faise Sensation of Motion Reversal:

8.224.1. Demonstration, This {alse sensation can
be induced from a straight-and-level attitude with
the pilot’s eyes clased. The supervisary pilot should
roll the aircraft at a constant rate of 1° to 2" per
second to a 30° to 45° bank angle. The roll should
be stopped abruptly and the bank attitude held.
The usual reaction is a sense of rapid rotation in
the opposite direction,

9.22.4.2, Correlation under actual instrument
conditions. If the aircraft rolls or yaws with an
abrupt stop while the eyes are diverted from the
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instruments, a sensation of rolling or yawing to
the opposite direction may occur. Therefore, the
natural response ta this false sensation would result
in a reentry or an increase of the original roll or
yaw, This response 15 a common error in rells or
spins when the visual references are poor. The sense
of sight is the only sense that should be relied upon
far correct recovery techniques,

9.22.5. Sensation of Climbing:

9.22.5.1, Demonstration. This maneuver may be
demonstrated by starting from a straight-and-level
flight attitude at the aircraft’s normal final
approach airspeed; then adding power znd
accelerating straight ahead. The supervisory pilot
should ask the pilot (whose eyes are still closed)
what the sensation is of the aircraft’s attitude. The
usnal sensation perceived without visual reference
is that of the aireraft climbing.

9.22.5.2, Correlation under actual instrument
conditions. This sensation may be very strong
during an mstrument mussed approach. The false
sensation of an excessive climb is produced by the
change in aircraft attitude and aceeleration. This
sensation may occur before the climb and after
level off.

8.23. Conclusion. This chapier ties together the
reasens for all of the previous basic instrument
maneuvers. Actual instrument fiving is nothing but
a series of basic instrument maneuvers flown in
a sequence depending oz the route flown, weather,
air-traffic congestion, etc. You should be able to
make an ITO and a tech-order climb to altitude
and nevigate from one fix to another, using YOR
or DME equipment. On arriving at your desti-
nation, you should be able to hold or, when cleared,
penetrale, make an approach, and land at the
airport. The power seuings in table 9.1 are
approximarte; use them as a guide. They will vary
with fuel load, temperature changes, and different
aircraft. For power settings for air work at altitudes
other than 15,000 feet, add 1 percent per 1,000
feet above 15,000 or subtract 1 percenmt per 1,000
feet below 15,000 feet. Some aircraft may not be
able to reduce to low rpm at high aititude because
of barometric restriction in the fuel control.
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TABLE 9.1
T.37 INSTRUMENT FLYING AIRSPEEDS AND POWER SETTINGS
L A B C D
I Approximate
N Airspeed Percentage
E Procedure {Knots) of rpm Configuration
1 Takeoff NA (military) gear, 50-percent flaps
2 Climb tech-order ¢climb ¢clean
3 High cruise, 15,000 feet 190 B7
4 Normal cruise, 15,000 feet 160 84
] Slow cruise, 15,000 feet 140 78
[ 1,000 fpm climb, 15,000 feet 160 93
7 1,000 fpm descent, 15,000 feet 57
8 Downwind leg 73
9 Base leg 120 78 gear
10 Final approach (level flight) 110 22 gear, one-half flaps
11 Precision final approach LY
- (300 fpm; descent)
12 74 gear, speed brake,
one-half flaps
13 Nonprecision fina] approack 63 gear, one-half flaps
(1,000 fpm/ descent)
14 70 gear, one-half flaps,
speed brake
15 Missed approach 166 (as desired) clean
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Chapter 10

NAVIGATION

19.1. Introduciion. This chapter is a short review
of navigation technigues and is net imtended io
replace a through knowledge of ATCP 31-16.

10.2. Preparation for Flight. Navigation is an
integral part of flying and a culmination of
knowledge and skills you have learned in academics
and other phases of training. Thorough preflight
planning is the key to a successful navigation flight.
Preparations for the flight may actually begin days
before departure. You can select the base and route
carly, leaving the wind computations, fuel
requirements, and weather conditions until just
before filing the required flight plan. Remember
that the publications normally carried on the
aircraft are for the local flying area. Your planned
route or a possible weather divert may take you
to an area not covered by these local publications
30 you should obtain other publications before
departing the home field.

10.3. Preflight Planning:

10.32.1, Plan your Might at optimum altitudes and
airspeeds consistent with mission requirements,
safety, and sound flight planning. Include a review
of airfields en route for possible emergency or
diversion use. A pood technique is to circle these
fields on your map for rcady reference in flighs.
These emergency airfields should be compatible
with T-37 landing requirernents.

10.3.2. Carefully examine the aircraft-servicing
capebilities of your destination and alternate
airfields. Some aircraft transient maintenance
personncl, particularly at non-Air Force installa-
tions, may not he totally familiar with T-37
servicing procedures. Refer to the strange-field
procedures section of your flight crew checklist
for proper fuel, oil, hydraulic fluid, oxygen, and
tire pressure requirsments, If you have any doubts
about the ability of iransient maintenance to
properly service vour aircraft, check with your SOF
before filing your flight plan.

10.3.3. When completing takeoff data, variables
such as pressure altitude, temperature, and runway
data can cause major deviations from the
computations zssociated with home field
operations.

10.4. Ground Operations. Ensure trzosient alert
personnel are familiar with siarting and poststari-
ing pracedures. Before starting engines, confirm
the status of your clearance with ground control

or clearance delivery. If you anticipate any delay,
do not start engines until clearance is received.
After receiving your air traffic centrol clearance,
check it against your original plan to be sere you
can comply with changes.

10.5. Departure. Before takeoff, plan for depar-
ture by reviewing departurc routing and altitude
restrictions, Air traffic control may change your
clearance by giving you radar vectors, changes in
aliitude, or changes in route of flight. The better
vour preflight plan, the gasicr you can handle these
changes. At leve] off, make a comparison of aircraft
position and fuel remaining against the preplancd
position and fuel. Any significant deviations may
require a ¢change of flight plan.

10.6. En Rouote:

10.6.1. Qutside the local training environment it
is very easy to forget the reguired in-flight checks.
The same checks are required; only the location
has changed.

10.6.2. Once you have reached cruise altitude and
set the power to maintain your preplanned
airspeed, you may want to perform a groundspeed
check. Compare your actual groundspeed ta the
preplanned computations to determine the effects
of actual wind. When crossing the checkpoints,
compare vour fuel and time to the preplanned
computations. A significant deviation may require
a change in the flight plan.

10.6.3. A good technique is to write down assigned
radio frequencies. This will aid you if contact is
not made on the next assigned frequency. Rewrn
to the previous frequency, and confirm the new
frequency when necessary.

10.6,4. Maintain a constant awareness of position
through the use of NAVAIDs, map reading, and
dead reckoning (DR). A radio or NAVAID failure
can ogour at any time.

10.7. Arrival and Landing. Refer to chapter % of
this manual and AFM 51-37 for the descent and
instrument approach. Determine what type of
approach to expect at the destination before you
commit yourself Some approaches require
extensive cruise at Jower altitudes which may not
be desirable because of cxcessive fuel consumption,
From this planning, you should be familiar with
airfield layout, approach lighting, type of glide path
guidance, field elevation, runway data, Lower and
ground control frequencies, ete. Wide runways
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{more than 150 feet) may contribute to high flares
and dropped«in landings. Nammow runways may
cause late or incomplete flares and hard landings.

16.8. After Landing:

10.8.1. After engine shutdown, complete the
before-leaving-aircraft checkiist and cenduct a
thorough postflight inspection of the aircraft.
Ensure transieut maintenance personne} are
thoroughly familiar with all servicing require-
ments, as outlined in the strange-ficld procedures
section of the flight crew checklist. Be sure the
aircraft will be properly secured.

10.8.2. Tell transiert maintenance how to contact
you should any questions arise or unusual
situations be encountered after you leave ihe
aircraft, Remember, the aircrew is ultimately
respansible for the aircraft until it is returned to
the home siation. Even after careful preflight
planning, unforeseen eircumstances may result in
degraded transient servicing capability such as
absence of proper servicing fluids and (on
equipment. If any doubt exists as to transient
maintenance’ ability 1o properly and salely service
your aircraft, contact your SOF before any
servicing is begun.

10.9. Low-Level Navigation on Military Training
Routes {(MTR). The purpose of low-level navige-
tion is to fly a selected ground track and armive
at a designated target at a designated time over
target (TOT), Low-level flving requires exiensive
preflight planning to ensure flight safety and
maximurm training from each sortie.

10.5.1 Preflight Coordination. Th: first step ift
preparing for low-level missions is to become
completely familiar with the route requirements
and applicable publications (FLIP AP/ B, ATCP
51-16 (chapters 5 and 8), and the chart update
manual (CHUM)).

18.9.2. Mission Planniny:

10.9.2.1. Select a groundspeed that is easily
converted to miles per minute but allows for
required airspeed corrections, that is, 180, 210, or
240 knots, Reference the flight manual charts for
the required fuel flow for the planned true airspeed.

10.9.2.2. During premission planning, check the
forecast weather for the route. Use the forecast
temperature, pressure altitude, and winds to
compute the indicated airspeeds required for the
planned groundspeed.
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10.9.2.3. Fly low-level navigation at an altitude
of 500 te 1,500 feet AGL. When terrain height
varies, maintain a minimum of 500 feat ahove the
highest terrain within 2,000 feet of the aircrafr

_Towers and other man-made obstacles are more

difficult to see than high terrain; therefore, fly a
mimmum of 500 feet above the highest obstacle
within 2 NM of the aircraft. Once the obstacle
is ‘acquired visually and positively identified, the
2,000-foot clearance applies.

10.9.2.4. To minimize the possibility of a bird
strike and avoid the problems associated with
visual illusions, enter the route no earlier than !
haur after sunrise and exit the route no later than
| hour befare sunset.

10.9.3. Route Development:

10,9.3.1, Use a 1:500,000 scale map (tactical
pilotage chart (TPC)) when flying low levels or
VFR legs below 5,000 feet AGL. You may alse
use a 1:250,000 scale map (joint operations guide
(JOG)) on low-level routes.

10.9.3.2. After drawing the route corridor, update
the chart with the latest nformation from the
CHUM. This step is umperative for flight safeiy.
Next, study the route corridor to identify all
significant obstacies and high terrain.

10.9.3.3. Select a target and easily recognizable
turn points for navigation. The best features for
turn points are usually natural (as opposed to
manmade) because natural fcatures seldom change.
Chaoose these turn points for uniquensss, vertical
development, funnelling features, and surrounding
terrain, Avoid using a feature that may be hidden
by high terrain or trees.

10,9.5.4. Choose an initial point (IP) about one
to three minutes from the 1arget. An IP is an easily
identifiable point used to fine-tune navigation and
increase the probability of target acquisition.
Minimize the heading change at the 1P in order
to increase the accuracy of the IP-to-target leg.
If the IP is positively identified, normally restart
the elack at the TP. If the IP is not positively
identified, restart the clock an time.

10.9.3.3. The start point must be within the route
corridor, but does not necessarily have to be at
the published entry point. When picking turn
points, consider the turming room reguired io
remain within the route corridor. Remain clear
of any FLIP-directed, neise-sensitive areas or
airfields. Wherever possible, choose easily iden-
tifiable points along the route to update and fine-
tune course navigation. Where no such points exist,
rely solely on DR.

1093 6. A thorough and detailed map study is
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essential after developing the route. Reading the
shape of the land from the map is also important.
A JOG may initially help you interpret data if
you are using a TPC. Try to visualize all the key
peints on the route, and the general features around
them, so that you cen minimize reference to the
map while airborne. Funnelling features such as
converging ridge lines, rivers, and roads are
especially helpful in locating selected points.

10.9.4. Map Marking. In additien to the infor-
mation required in ATCP 51-16, you should make
the following marks (or computations) on your
map:

10941, Draw in the MTR corridor from entry
to the planned exit point. Circle tarn peints to
prevent masking critical datails.

109.4.2, Draw turn circles based on the planned
groundspeed and bank angle. Use & tactical piotter,
if available, or refer ic AFM 51-37, chapter 7.
for aireraft turn performance.

1084 3, Draw 'and label timing hines along the
planned ground track. A one or two mnute interval
is sufficient,

10.9.4.4. Draw information boxes aligned with
each leg which include heading and any other
relevant infoamation.

10.9.4.5, Highlight any obstacles or high terrain
features which may be a factor along the rourte.

14.9.4.6. Compute a continuation fucl for the start
point and other seiected points along the route.
Continuation fuel is the migimum fuel required
1o complete the route at planned speeds aod
altitudes and to return to base with AFR 60-16
fuel reserves.

10.9.4.7. Compute a bingo fuel, which includes the
required minimum AFR. 60-16 fuel reserves for
return: to base by the most practical means from
the most distant point on the route. Factors such
as cloud ceilings, winds, freezing level, and forecast
icing must bhe considered when caleulating the
binge tuel.

10.9.4.8. Compute and cleasly annotate a route
abort altitude for the low-level route. This altitude
will provide 1,000 feet of clearance (2,000 feet in
mountainons terrain) from the highest obstacle
within 10 NM of the planned course.

10.9.4.9. Anpotate the map with emergency and
alternate airfield locations and information
necessary 1o expedite an unplanned divert.

10.9.4.10. Plan the routing to and from the low-
level route. Look for points that may heip identify
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the start point. Ensure each map has identical turn
points, IPs, targets, headings, and times.

10.9.5. Flying the Route. If the mission is planned
properly, flying accurate headings and airspeeds
on each leg will get you close to your turn peints,
IP, and target. Rely on DR,

10.9.5.1. If the MTR is close 1o vour base and
departure procedures allow DR 1o the entry poiat,
fly vour planned headings, airspeeds, and times
from takeoff to the eatry point. On routes that
are a long distance away or at bases that require
extensive IFR vectoring prior Lo route entry, find
a point en route at which you can begin DR. In
either case, a VOR radial/ DME is an excellent
way to confirm an entry paint.

%10.9.5.2. Before arriving at the entry point,

compare the RMI and J-2 heading with the
magnetic compass Lo ensure accuracy. ldentify the
point as early as possible, and manewver the aircraft
to overfly the entry point on the correct heading.
Once inside the route structure, accelerate to the
preplanned airspeed. Start your stop watch as you
pass the start point.

10.9.5.3. Do not continvously map read because
this will jeopardize safety and may lead to
misidentifying points. Instead, use seleciive map
reading by only looking far prominent points along
the route. Look for points that are 30 seconds to
1 minute ahead of the aircraft; avoid looking at
points behind the aircraft. Trimmiog the aircraft
and setting the proper fuel flow or power setting
for the planned groundspeed can greatly aid low-
level navigation by providing a stable platform.
As much as possible, keep your head out of the
cockpit. Clearing is essential at low level When
looking at the map, do not look into the cockpit.
Raise the map so some forward clearing still exists.
but never totally block forward vision with the
map. Make corrections as neccssary to get back
onte track and rime, bur avoid excessive changes
if possible.

10954 As much as possible, assess the height
above the ground visually. Occasionally cross-
check the altimeter against the known elevation
of towers, lakes, airfields, or peak elevations.

10.9.5.5. Develop a work cycle for performung
coekpit duties, assessing akitude, and updating
aircraft position. Tdentify a turn point as early as
possible, and review the next heading and airspeed.
If you are unable 10 acquire the turn peint, do
not panic. Turn on time, and then try to analyze
the reason for not secing the tom point, Attempt
1o confirm position with other features.
Retnember, throughout the route 500 feet AGL
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is a minimum altitude. Da not exceed the aircraft
commander’s comfort level wn an atiempt to fly
at 500 feet. An unfaruliar rowte, poor visibility,
3 mountainous terrain, or a pumber of other factors

may require a higher altitude for a reasonable level
of comfort.

10.9.5.6. Turns at low altitude require extra
emphasis in clearing and aircraft control. Clear
in the direction of turn; then roll to the planned
bank angle and use back pressure and power as
required to maintain altitude and airspeed. Cross-
check pitch and bank closely, using outside
references to preclude a descent and ensure proper
clearing.

10.9.5.7. Arrive over the IP as close to possible
to your planned time. Make small corrections as
early as possible to prevent large airspesd changes
later.

10.9.5.8, Avoxd becoming complacent during the
return to base, Give the return leg the same
emphasis as the route entry leg.

10.9.6. Mountainous Terrain. Flying low level in
an environment with rapidly changing tetrain is
demanding and requires constant positional and
situational awareness. Realize that low-iving check
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ot turn points can easily he hidden when off the
planned track. Be alert for areas of turbulence on
tbe downwind side of large featuses, and fly upwind
of ridges whenever possible, To fly safely over high -
terrain features, begin the climb early enough 10
arrive at the desired AGL altitude at least 2,000
feet prior to the high terrain. Very large altitude
increases may warrant calculation of a start climb
point to ensure minimum clearance is maintained.
When descending, use an appropriate power
reduction to control airspeed.

*10.9.7. thru 19.9.9, (Deleted)

#10.9. 1. Conclusinn. Flying jet aircraft on low-level

missions is a deadly serious business, You are flying
at high speeds close to the ground in a high-threat
environment. The threat is not enemy aircrafi or
air defense weaponry, but it is just as real and
more deadly (the ground has a 100 percent
probability of a kill). Remember, your margin for
error and your time to react are preatly reduced
due 1o the close proximity of the ground. Thorough
prefiight planning and prefiight briefings are
imperative for safe and cffective low-level training.
As a minimum, wse the low-level navigational
briefing guide in AETCI 11-201.
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Chapter 11
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SPIN TRAINING PROGRAM

11.1, Purpose. The spin training program should
focus on increasing the IP’s understanding of the
T-37 spin characteristics and the aircraft’s reaction
to changes in the position of the rudder and
elevator. The spin training program should comply
with chapter 5, this chapter, and AETCR 355-37.

11.2. Spin Demonstration Sortie. The spin
demonstration sortie will be flown by the wing
spin piloi with gualified pilets only. This sortie
is designed 1o allow the pilot to practice the
demonstrated maneuvers during flight as necessary
to ensure complete understanding of aircraft
reaction 10 ¢ach maneuver performed. If time and
{uel permit, the pilot should perform and insiruc
a spin prevent and a spin recovery.

11.2.1. Prior to the sortic the pilot should review
the following:

11,2,1,1. Spin entry procedures and spin
restrictions.

11.2.1.2. Spin prevent procedures and spin recovery (W2

procedures.
11.2.1.3, T-37 spin characteristics.

11.2.1.4. Aircraft reaction to changes in the
position of the rudder and elevator.

11.2.1,5. Conditions eacountered through
improper application and handling of the controls
during eniry, in the spin, and during recovery.

11.2.1.6. Weather conditions affecting spin
traiming.

11.2.2. The ground briefing prior 1o the soriie
shouid inciude the following:

11.2.2.1. Objectives of the flight.

11.2.2.2, Details of each manzuver to be accomp-
lished and the sequence in which each maneuver
will be perfermed.

11.2.2.3. An explanation of the expected reaction
in each of the demonstrations.

11.2.2.4. Emphasis on the fact that although some
of the demonstrations will result in recovery, they
will not always be successful and should not be
used as mormal methods of recovery,

11.2.3. Fly the demonstration in the following
sequence:

11.2.3.1. Stability demonstration. This maneuver

demonsirates the aircraft will not enter a spin
vnless it is in an aggravated stall. Fly the aircraft
out of airspeed in a nose-high piteh attitude.

11.2.3.2. Attempted neutral control recovery, This
maneuver demonstirates that after the awrcraft has
entered the spin, neutralizing the controls may not
effeet a recovery. Enter a gpin and place the
controls in the neutral position after rotation
begins, but before the aircraft bas progressed into
a fully developed spin. In most cases, neutral
control position will not overcome the momentum
built up during entry and the aircraft will not
recover, When neutral contrals fail to effect
recovery, the nose of the aircraft remains below
the horizon and rotation stabilizes at an increased
rate due to insufficient control application. These
characteristics are similar to those that oceur
during a mussed spin prevention. When this occurs,
perform a spin recovery.

11.2.3.3, Attempted slow prevention. This dem-
onstration shows the amount of control deflecticn
necessary for recovery and the high rotation rate
encountered when the spin prevention procedure
is incorrecily employed after the spin has
developed. Enter a spin. As soen as it develops,
apply spin prevention cantrols very slowly. Notice
the amount of control deflection, time required,
high rotation rate, and large altitude loss prior
to the recovery. If full antispin contrels have been
applied and the rotation stabilizes at an increased
rate, perform a spin recovery.

11.2.3.4, Attempted stick-only recovery. This
demonstration shows the cffect of the elevator on
pitch attitude and illustrates how the stick should
be applicd during a spin recovery; that is, abruptly.
This maneuver also demonstrates that neutrai
rudder iz partially effective against the spin. Enter
a spin and hald the prospin rudder until stabil-
ization occurs; then neutralize the rudder.
Imrediately after the rudder has been tentralized,
abruptly apply full forward stick and hold until
the nose pitches down near the vertical. The
increased time required to reach the recovery
attitude is due to the flatter pitch atitude and
decreased contral effectiveness when forward stick
is first applied, The rotation rate increases as the
nose pitches down., Then i decreases and stops
as the stall is broken. Neutralize the controls and
flv out of the cnsuing dive. If the spin continues,
perform a spin recovery.
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11.2.3.5. Rudder reversal. This demonstration
shows the reaction of the aircraft to rudder
application during the spin. Do not reverse rotation
during the demonsiration. Enter a spin and hkold
the pro-spin rudder until stabilization occurs.
Apply full rudder opposite the direction of spin
while holding the stick full aft. Notice that this
results in a lowering of the nose and a momentary
increase in the rate of rotation, followed by a
marked decrease as the rudder becomes effective.
At this time, apply full pro-spin rudder. Due to
the sudden change from anti-spin rudder and
corresponding reduction in effective surface zrea
of the rudder, the nose rises and the rate of rotation
rapidly returns to a stabilized rate. To recover from
the demonstration, perform a spin recovery.

11.2.3.6. Attempied wrong-rudder regovery, This
manguver demonsirates control effect and stick
pressures resulting if the wrong rudder is used to
attempt recovery. Enter a developed spin and
Initiate a spin recovery, but use the pro-spia rudder.
Note that the nose rises slightly after rudder is
applied. One turn later, move the stick briskly
forward as for normal recovery, and hold. As the
stick is moved, note the nose pitch (down),
mcereased rotation rate, and heavy pressure on ihe
stick. With the controls in this positien, the spin
stzbilizes in a slight nose-low accelerated mode
and, under most conditions, recovery will not
occur. To recover, perform a spin recovery.

11.2.3.7. Rudder effect—atiemnpted rudder-only
recovery. This maneuver demonstrates the affect
rudder has on pitch attitude and rate of rotation
when the stick is released in the spin. Enter a spin
and hold the pro-spin rudder until stabilization
oceurs, then release the stick. Note that the stick
stays full back, Neutralize the rudder and note that
the nose lowers, the stick moves forward slightly,
and the rate of rotation increases. Apply the pro-
spin rudder briskly. Note that the nose rises slightly
as the stick moves Lo the full aft position and the
rotation decreases. Briskly apply the full ansi-spin
rudder. The nose will lower, the stick will move
forward, and the rate of rotation will increase,
decrease, and then stop as the stall 15 broken, If
the retation continues, perform a spin recovery.

11.3. Spin Checkout Program. Spin pilots will
complete the spin checkout program prior to
conducting any spin demonsiration sortiss. The
chief wing spin pilot will;

11.3.1. Maintain a folder for each spin pilot to
include the following:

11.3.1.1. ATC Form 875, Spin/Stall Pilot Qual-
ification and Ewvaluation Certification, to log
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ground, flight training, and spin pilot evaluation.

11.3.1.2. ATC Form 803A, Studemt Activity
Record, to record comments on the student’s
progress after each spin pilat gualification sortie.

11.3.2. Conduct spin 1P qualification on a
proficiency advancement basis;

11.3.2.1. In ground training, students will review
spin information contained in the following
material: '

11.3.2.1.1. G-1-1—T-37 Flight Manual.
11.3.2.1.2, G-1-2—AETCR 55-37 and this manual.

11.3.2.1.2 G-1-3—~T-37 PIT Applied
Atrodynamics.

11.3.2.1.4. G-1-4—other information as deter-
mined locally.

11.32.2, To optimize flight traimng, qualification
rides should be conductied with a minimuem of 1two
qualified spin IPs as follows:

11.2.2.2.1. C-10-1—briefed and flown as an
introductory spin demonstration sortie by 2 spin
IP.

11.3.2.2.2, C-11-X-~the student briefs the proper
method for performing cach demonstration and
flies all demonstrations. Instruction may be
practiced,

11.3.2.2.3. C-12-X—student conducts a spin
demonstration sortie brief. Student flies demon-
strations and practices instruction.

11.3.2.2.4. C-13-X (Spin Pilot Qualification
Evaluation)—briefed and flown by student and
evaluated by a spin [P for demonstrated effective-
ness and ingtruction accuracy.

11.3.2.2.5, C-ld4=]—student conducts a spin

demonstration sortie while occupying the right seat
(teft seat for SUNT qualified).

11.3.3. Notify 13 AF/DOV by letter after corti-
fication of the new spin IP.

11.4. Spin Education Program:

11.4.1. Spin pilots conduct an annual spin seminar
during the first quarter of the calendar year
Attendance is mandatory for all assigned T-37
pilots. Document attendance at the annual
seminar, and maintain records for at least I year
according to AFR 12-50, Volume 2. (Wings
determine the most suiteble method for
documenting.)

11.4.2. Wings may supplement this program by
using;
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11.4,2.1. Inadvertent spin surveys.

11.4.2.2. Spin tides in addition to those alrcady
required by this manual.

11.4.2.3. Increased emphasis on spins during IP
continuation training meetings.

11.5. Inadvertent Spin Survey Report:

IL.5.1. Theoperations group commander will send
a gquarterly T-37 Inadvertent Spin Survey Report
(RCS: ATC-DOT (Q) 8901) 10 19 AF/DOV by
letter within 15 days following the end of each
quarter. Negative replies are required. Compiie the
inadvertent spin date and report to include:

11.5.1.1. The mancuver being flown at the time
of the inadvertent spin entry,

11.5.1.2, Category of pilot {lying the aircraft (that
is, student, IP, or proficiency pilot}

11.5.1.3. Type of mission (dual or sola).

11.5.1.4. Method {spin gecovery or spin prevent)

JOAN W. BLANKENREKER, Colonel, USAF
Director of Information Management

i

uged to recover the aircraft from the spin.

11.5.2. The method of survey is determined locally,
However, the survey should include all rated and
student pilots flying the T-37. The program should
be structured so survey respondents remain
AnOnymous.

11.5.3. For reporting purposes, stbmit the report
any time antispin controls must be applied to
recover the aircraft, -‘This does not include
preplanned entries applicable to normal student
training except those recovery attempts that result
in inverted spin entries or missed recovery attempts
performed by the IP.

11,5.4, On receipt of all guarterly reports, 19 AY!
DOV summarizes and forwards comments 10 each
operations group deputy commander for dissem-
ination ta aircrews.

NOTE: The emergency status code for this report
15 "D discontinue under emergency condiiions.
MINIMIZE iransmission is not autherized.

HENRY VICCELLIO, JR., General, USAF
Cemmander
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AC
AGL
AOA
ASR
ATIS

CDI
CHUM

DC
DME
DR

EGT

FAF
FCIF
FOD
FLIP
fpm

GND
HCA
HEFOE
1AF
IFF/SIF
IFR

ILS
MC

P
ITO

J0G

KIAS

TERMS AND ABBREVIATIONS

alternating current

abave ground level

angle of attack

airport swrvelllance ragar
automated terminal information

- gervice

course deviation indicator
chart update manual

direct current
distance measuring equipment
dead reckoning

exhaust pas temperature

finaj approach fix

fiight crew information file
foreign object damage

flight information publication
feet per minute

ground

heading crossing angle

hydraulie, eleetrical, fuel, nxygen,

engine

initial approach fix
identification, friend ot foe/
selective identification feature
instrument flight rules
instrument landing system
instrument meteorological
conditions

instructor pilot or initial point
instrument takeoff

jaint operations guide

knots indicated airspeed

AETCM 3-3

Loc
LOS

MDA
MOA
MSL

MTR

NAVAIDs
NM
NORDO
NOTAM
NWLO/TD

PIT
psi

RM1

rpm
RSU

SID
SOF

TACAN
TOLD
TOT
TPC
TWR

UHF
UPT

YFR
VYMC
VOR

YORTAC
Y¥I

Volume 2
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loss of consciousness
line of sight

minimum descent altitude
military operations area
mean sea level

military training route

navigational aids

nautical mile

no radio

notice 1o airman

nose wheel lift-off/ touchdown

pilot instructor training
pounds per square inch

radio magnetic indicator
revolutions per minute
runway supervisory unit

standard instrument departiztes
supervizsor of flying

tactical air navigation
takeoff and landing data
time over target

tactical pilotage chart
tower

ultra high frequency
vndergraduate pilot training

visual flight rules

visual meteorological conditions
very high frequency
omnidirectional range

VOR and TACAN

vertical velocity indicator
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1. MAKE THE FOLLOWING WRITE-IN CHANGES TO MCMAN 11=-238:

A. AFTER PARAGRAPH §.5.1., ADD NEW PARAGRAPH 6.5, 2 TITLED,
“RECOVERY SETUP GUIDELINES".

B. ADD THE FOLLOWING TEXT:

6.5.2.1. DURING ANY ABNORMAL FLIGHT RECOVERY SETUP, IP
VIGILANCE IS PARAMOUNT. DO NOT COMPRCMISE SAFE FLIGHT DURING TP
DEMONSTRATION OR STUDENT PERFORMANCE OF RECOVERY TRAINING. IN ALL
SITUATIONS WHERE TRANSFER OF AITRCRAPT CONTROL I8 INVOLVED, IT WILL BE
IAW MCT 11~238, PARA 3.8. TRANSFER OF AIRCRAFT CONTROL. .

6.5.2,2. ABNORMAL FLIGHT RECOVERY TRAINING SHOULD BE THQUGHT OF
IN THREE PHASES OF PROFICIENCY. THESE PHASES ARE NOT NECESSARILY
~INKED TQ A PARTICULAR BLOCK OF TRAINING, BUT ARE LINKED TO THE

FTUDENT'S FLYING ABILITIES AND SITUATIONAL AWARENESS. THESE PHASES
&RE:

§.5.2.2.1. INITIALLY, THE IP WILL DEMONSTRATE AND FLY THE : _
<OMPLETE SETUP AND RECOVERY WHILE DELIVERING APPROPRIATE VERBAL *
LNSTRUCTION. ONCE THE STUDENT HAS SEEN THE RECOVERY DEMONSTRATED AND

A BASIC GRASP OF WHY THE RECOVERY TRAINING IS PERFORMED, THE IP
~L BEGIN SETTING UP RECOVERY SITUATIONS FCR THE STUDENT AND TALKING
{IM/HER THROUGH.THE RECCVERY PRQCEDURES.

17 ¢
UNCLASSIFIED
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6.5.2.2.2. WHEN THE STUDENT SHOWS PROFICTENCY IN THE RECOVERY
PROCEDURES, THE IP WILL THEN BEGIN SETTING UP OBSERVABLE SITUATIONS
AEQUIRING AN ABNORMAL FLYGHT RECOVERY. WHEN THE SETUP IS COMPLETELY
DEVELOPED, THE IF WILL TRANSFER CONTROL OF THE AIRCRAFT TO THE
STUDENT USING THE VERBAL COMMAND, "YOU HAVE THE AIRCRAFT =-- RECOVER."

THE STUDENT WILL TAKE THE AIRCRAFT AND RECOVER FROM THE ABNORMAL
ATTITUDE. -

6.5.2.2.3. ONCE THE STUDENT HAS SEEN ALL THE DIFFERENT TYFES OF
SETUPS AND CAN CONFIDENTLY AND PROFICIENTLY RECOVER FROM VARIQUS
SITUATIONS, THE IP WILL SET UP THE ABNORMAL FLIGHT RECOVERIES
RANDOMLY THROUGHOUT THE AREA PROFILE. ONCE THE SETUP 1S COMPLETE, THE
IP WILL DIRECT THE STUDENT TO TAKE TME AIRCRAFT WITH, "YOU HAVE THE
AIRCRAFT." THE STUDENT WILL TAKE THE AIRCRAFT WITH PROFER TRANSFER
PROCEDURES AND RECOVER IN THE AFPROFRIATE MAMNNER.

6.5.2.3. ONCE A STUDENT LEARNS THE CORRECT STICK AND THROTTLE
ZNPUTS, BUILDING THE JUDGEMENT AND ABILITY TO RECOGNIZE ABNORMAL
FLIGHT AND RECOGNIZE THE NEED 10 ACCOMPLISH AN ABNORMAL FLIGHT

AECOVERY BECOMES PARAMOUNT. THE IP SHOULD CONCENTRATE ON DEVELOPMENT
OF THE STUDENT'S SITUATIONAL AWARENESS.

C. CHANGE NUMERICAL SEQUENCE OF OLD PARAGRAFH 6.5.2. TO 6.5.3. ALL
SUB-PARAGRAPHS WILL BE CHANGED TO REFLECT THE NEW NUMERICAL SEQUENCE.

D. CHANGE NUMERICAL SEQUENCE OF OLD PARAGRAPH 6.5.3. TO 6.5.4. ALL
SUB-PARAGRAPHS WILL BE CHANGED TC REFLECT THE NEW NUMERICAL SEQUENCE.

E. CHANGE NUMERICAL SEQUENCE OF OLD PARAGRAPH 65.5.4. TO 6.,3.5.

1. MAKE THE FOLLOWING WRITE-IN CHANGES TO AETCM 3-3, VOL II
A, DELETE PARAGRAPH 5.8.2.

B. ADD NEW PARAGRAPH 5.8.2. TITLED, “RECOVERY SETUF GUIDELINES"
C. ADD THE FOLLOWING TEXT:

} 5.8.2.1. DURING ANY ABNORMAL FLIGHT RECOVERY SETUP, IP
IGILANCE IS PARAMOUNT. DO NOT COMPROMISE SAFE FLIGHT DURING IP
'EMONSTRATION QR STUDENT PERFORMANCE OF RECOVERY TRAINING. IN ALL

ITUATIONS WHERE TRANSFER OF AIRCRAFT CONTROL IS INVOLVED, IT WILL BE
AW PARAGRAPH 1.15 OF THIS MANUAL.

J.8,2.2. ABNORMAI FLIGHT RECOVERY TRAINING SHOULD BE THQUGHT OF
W THREE PHASES OF PROFICIENCY, THESE PHASES ARE NOT NECESSARILY
INKED TO A PARTICULAR BLOCK OF TRAINING, BUT ARE LINKED TO THE
EEDEHT'S FLYING ABILITIES AND SITUATIONAL AWARENESS. THESE FPHASES

*
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5.8.2.2.1. INITIALLY, THE IP WILL DEMONSTRATE AND FLY THE .
COMPLETE SETUP AND RECOVERY WHILE DELIVERING APPROPRIATE VERBAL
TNSTRUCTION. ONCE THE STUDENT HAS SEEN THE RECOVERY DEMONSTRATED AND
HAS A BASIC GRASP OF WHY THE RECOVERY TRAINING IS PERFORMED, THE 1P
WwILL BEGIN SETTING UP RECOVERY SITUATIONS FOR THE STUDENT AND TALKING
WIM/HER THROUGH THE RECOVERY PRCCEDURES.

5.8.2.2.2. WHEN THE STUDENT SHOWS PROFICIENCY IN RECOVERY
P ROCEDURES, THE IP WILL THEN BEGIN SETTING UP OBSERVABLE SITUATIONS
LEQUIRING AN ABNORMAL FLIGHT RECOVERY. WHEN THE SETUP IS COMPLETELY
PEVELOPEDR, THE IP WILL TRANSFER CONTRQL OF THE AIRCRAXT TO THE
STUDENT USING THE VERBAL COMMAND, "YOU HAVE THE AIRCRAFT —-- RECOQVER."
THE STUDENT WILL TAKE THE AIRCRAFT AND RECOVER FROM THE ABNORMAL
ATTITUDE.

5.8.2.2.3. ONCE THE STUDENT HAS SEEN ALL THE DIFFERENT TYPES OF
SETUPS AND CAN CONFIDENTLY AND PROFICIENTLY RECOVER FROM VARIOUS
SITUATIONS, THE IP WILL SET UP THE ABNORMAL FLIGHT RECOVERIES
RANDOMLY THROQUGHOUT THE AREA PROFILE. ONCE THE SETUP 15 COMPLETE, THE
XP WILL DIRECT THE STUDENT TO TAKE THE AIRCRAFT WITH, "YOU HAVE TRHE
AIRCRAFT." THE STUDENT WILL TAKE THE AIRCRAFT WITH PROPER TRANEFER
FROCEDURES AND RECOVER IN THE APPROPRIATE MANNER,

5.8.3. ONCE TEE STUDENT LEARNS THE CORRECT STICK AND THROTTLE
JPUTS, BUILDING THE JUDGEMENT AND ABILITY TCO RECOGNIZE AENORMAL
«LIGHT AND RECOGNIZE THE NEED TO ACCOMPLISH AN ABNORMAL FLIGHT FLIGHT
AECOVERY BECOMES PARAMOUNT. THE IP SHOULD CONCENTRATE ON DEVELOPMENT
©F THE STUDENT'S SITUATIONAL AWARENESS,

3. THIS IS A COORDINATED 19 AF / AETC/XOTI MESSAGE. IMPLEMENT THIS
IMC BY FCIF, 19 AF POC FOR T-38 AIRCRAFT IS5 MAJOR MARK SCHROER, DSNN:
HET7~-6422, {E-MAIL: SCHROERM.l19AF@SCLAN.AETC.AF.MIL); T=37 PFOC IS
MAJOR GARRY BACCUS AT THE SAME TELEPHONE NUMBER, (E-MAIL: BACCUSG.
19AFSSCLAN . AETC . AF . MIL) .
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